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Seis oo cosiciudes the first full year of field activities to be conducted under
caca e Study (D-1). This report does not, however, present the initial
»whiph has been collected on the effects of logging on fish habitat.

Lutiad sescurch into logging effects on rearing fish habitat was started under
Ve Dubly Yarden Study (R-IV). In 1970, it was decided that research was
aercsgery o Jdetermine what effects logging operations have on the stream
wanitei seaeded by the Dolly Varden, Salvelinus malma, during their freshwater
vearing stages. As a result, a separate job entitled, Effects of Logging on
Boliy Varden (R-TV-B), was initiated under the Dolly Varden study .

After twe veurs of research, the major emphasis no longer rested solely with

woily Yarden, but had expanded to include all rearing salmonids. In addition,

i was fell that a broader scope of study, covering all phases of land use activities,
~ather thao solely logging operations, was necessary. Consequently, it was
woommended that the effects of logging research be removed from the Dolly
Carden Sindy and g new overall Land Use Study be established. The following
cporin oovers the initial activities conducted under this new study.
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Volume 14 Report No. D-I-B

RESEARCH PROJECT SEGMENT

State: Alaska

Project No.: F-9-5 Name: Sport Fish Investigations of Alaska

Study No.: D-1 Study Title: A Study of Land Activities and
Their Relationship to the Sport
Fish Resources in Alaska.

Jdob No.: D-1-B Job Title: Ecology of Rearing Fish

Period Covered: July 1, 1972 to June 30, 1973.

ABSTRACT

Wire mesh minnow traps were tested as a device for determining population
estimates, population indexes, and species composition of rearing Dolly Varden
Salvelinus malma, and coho, Oncorhynchus kisutch, populations in small streams.

Analysis of length frequencies of juvenile Dolly Varden and coho revealed that
minnow traps are size selective and seldom capture coho smaller than 41 mm and
Dolly Varden less than 61 mm.

It was found that minnow traps serve as a poor method for determining population
indexes as they do not capture a consistent percentage of the rearing fish community.

Minnow traps were shown to be a reliable method of determining the species
composition of rearing communities.

The effectiveness of the back-pack electrofisher to assess fish population was
also evaluated and it was found that catches made by repetitive shocking in an
enclosed stream section were similar to the results obtained through the use of
Peterson estimates.

Results of experiments determining the feasibility of minnow traps as a population
estimating device were not adequate and no conclusions could be drawn from the
data.
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Aquatic insect surveys of 29 stream and river systems were compiled and a
provisional list of S. E. Alaskan aquatic insects was constructed.

An annotated bibliography on rearing salmonids in streams, containing 93 citations,
was compiled.

RECOMMENDATIONS

Field surveys conducted in 1971-72 of logged areas in southeast Alaska indicated
that there are many streams that have been damaged by debris and slash from
legging operations (Reed and Elliott, 1972) . In many cases, slash and debris
completely cover stream channels indicating that some type of debris removal
may be necessary to restore streams to their original condition.

Since little is known about the degree of removal necessary to restore rearing
fish habitat, we feel that a study to determine the effects of debris removal is
naeded if these areas are to be restored to their optimum production.

Past research (Hood Bay Creek, Alaska) suggests that juvenile Dolly Varden and
2nho move upstream to warm, spring-fed tributaries to overwinter (Blackett, 1968).
These movements may be an attempt to escape severe icing conditions in the main-
stream. Temperature studies at Hood Bay Creek have revealed that the spring -

fed tributaries maintain a yearly temperature of 41-43°F while the mainstream freezes
(Elliott and Armstrong, 1972).

To gain a better understanding of salmonid rearing requirements during the winter,
we feel that a study to determine the role of overwintering areas would be of benefit.

The effects of canopy removal on summer stream temperatures has been well
documented in the literature, but there is little information relating canopy removal
ty winter temperatures. Green (1950) indicates that lower temperatures are
experienced during the winter in exposed streams which may cause detrimental

ice conditions and delay development of incubating salmon eggs. It is possible

tiat removal of overstory around small streams may decrease the water temperature
in small rearing streams that are vital as overwintering areas.

We feel that a study of the effects of canopy removal on winter stream temperatures
vwould contribute to the overall understanding of rearing fish ecology and supply

rneeded information for recommendations concerning land use activities.

Future studies on the Ecology of Rearing Fish, using the data collected this field
season as baseline information, should include the following objectives:

i . Determine the feasibility of conducting a study on the effects of debris
removal on fish populations in small streams.
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Determine the feasibility of conducting research on thfa iml?ortance of
spring-fed tributaries for overwinter survival of rearing fish.

3. Establish guidelines for future research on the effects {)f canopy removal
on temperature and ice conditions of small streams during winter months.

Y

Since this vear's data to determine if minnow traps are useful as a
population estimator were inconclusive, it is recommended that this
objective be continued.

Continue to collect aquatic insects to determine their distribution,
abundance, and species diversity within certain types of rearing fish
nabitat and their relationships to rearing fish populations.

OHJECTIVES

To determine methods of making reliable population estimates of rearing
fish.

. To determine the distribution, abundance, and species diversity of
aguatic insects within certain types of rearing fish habitat and the re-
lationships to the rearing fish populations.

Location and Description of Study Site

A small stream in the Kadashan drainage (Chichagof Island, Lat. 57° 42' Long.
15593', Quad Sitka C-4) was selected for this study (Fig. 1). The stream averaged
about 6 feet wide with a length of approximately 1 mile accessible to fish. The
stream is typical of many in southeast Alaska with deep pools, slow to moderate
velocity , extensive undercut banks and overhanging vegetation, and with heavy
organic deposits. The stream is dominated by populations of rearing anadromous
Dolly Varden and coho salmon. There are also small numbers of rearing cutthroat
(Sslmo clarki) and steelhead (Salmo gairdneri) present.

1ECHNIQUES USED

The-study stream was surveyed and marked into sections 50 feet in length. For
sach population estimate a 50-foot section was blocked off at the upper and lower
erds with fine mesh nylon seine nets to keep fish from entering or leaving the
sectior Ter double-ended conical minnow traps (Blackett, 1968, p. 73) baited
with fresh salmon eggs were placed at evenly spaced distances in the section.

The traps were allowed to fish for one to two hours, then removed. The fish were
removed from the traps, anesthesized with M.S. 222, counted, measured, and then
murked with either fluorescent pigment or by fin clips.

when using granular fluorescent pigment, the material was sprayed from a
conventioneal paint spray gun attached to a scuba tank air source. Fish were
placed in & wire mesh basket and sprayed thoroughly at 80 p.s.i., holding the
nozzle gpproximately one foot away.
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During the latter part of the season, fin clips were used instead of fluorescent
pigment. Fish were given a temporary mark by removing the tip of the upper
or lower caudal lobe.

Jnce the marked fish had recovered from the effects of the anesthetic, they were
immediately released in the enclosed section and allowed to distribute themselves
a8 much as possible. Distribution usually occurred within about 10 minutes.

I'he enclosed section was then shocked with a backpack electrofishing unit until
10 more fish could be captured. It was assumed that if no more fish could be
aptured . then a close approximation of the actual rearing populations had been
sbtained .

“ish were then examined for fin clips or scanned with a portable ultraviolet light
‘0 detect fluorescent pigment marks and marked-unmarked ratios were obtained.

Jopulation estimates were derived from marked/unmarked ratios by using Chapman's
modification of the Peterson formula (Ricker, 1958):

N - (M+1) (C+1)
R+1

N = Population estimate

M = Number of fish marked

C = Number of fish in recapture sample

R = Number of marked fish in recapture sample (C)

P stimates were tested for bias by using the following methods described by
Robson and Reiger (1964): M+C=N or MC>4N. These conditions were met by all
the estimates conducted and thus are considered to be unbiased.

Tne ability of minnow traps to provide a population index was determined with the
above methods. The initial trap catch was then statistically compared to the
population estimates using the Chi-square method of Snedecor and Irwin as described
ir Snedecor (1962).

To evaluate the minnow trap as a population estimator, traps were used to catch
tne initial fish for marking which were then released and allowed to distribute
themselves. Minnow traps were used as a recovery device to obtain fish for

s marked/unmarked ratio. The section was then shocked until no more fish were
collected to evaluate the methods' accuracy.
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KADA SHAN CREEK ~—

FAGURE L SOUTHEAST ALASKA SHOWING LOCATION
OF KADASHAN CREEK STUDY SITE.
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The shocker was evaluated by comparing the total catch (shocking until no more
fish were captured) to the estimate for that respective section. These values
were statistically compared using the t-test for the difference between the means.

T 1e species composition of fish captured in traps was compared to the .species
composition derived from the estimated population and analyzed by Chi-square
and t-tests.

To determine if minnow traps were size selective, the length frequencies ?f fish
captured by minnow traps were statistically compared (using Chi-square goodnes.s '
of fif) to the length frequencies of the total population of fish captured by electrofishing..

Aquatic insects were collected by surbur sampler and aerial net. Specimens
were preserved and taken to the highest taxonomic level possible. Data on the
collections were compiled and a provisional list of aquatic insects in southeast
Alaska was assembled.

FINDINGS

Trap Selectivity

Analysis of length frequencies of rearing Dolly Varden (Salvelinus malma) and
coho salmon (Oncorhynchus kisutch) caught by trap and by the electrofishing method
showed that traps do not capture a representative sample of the different size
groupe in the rearing community, and are size selective (Figs. 2 & 3). Statistical
analysis (Table 1) showed that the length frequency distributions of fish obtained
from minnow traps and electrofishing gear are equal for Dolly Varden over the
length interval 61-150 mm, and for coho over the length interval 41-100 mm. The
major disparity between trap and shocker catches occurred in fish measuring less
than 41 and 61 mm for coho and Dolly Varden, respectively. Observations indicate
that smail coho are capable of escaping through the screen mesh of the traps but

it is also possible that young fish avoid the traps because of the presence of larger
fish.

Te give continuity to estimates made from fish collected over a wide variety of
habitats . occupied by varying proportions of fish under and over the minnow trap
catchable size estimate, were conducted only on fish that ranged, 61 - 150 mm
{Ilolly Varden), and 41-100 mm (coho) in size.

‘Evaluation of Electrofishing Techniques

Using the assumption that electrofishing equipment could capture all the fish in
ar enclosed 50' section, each test section was shocked repeatedly until no more
fish were captured. The number of passes through the section varied from 2
to 5. depending upon the density of fish and the amount of cover available that
fich could escape to.
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table 1. Length Frequencies of Fish Captured by Minnow Trap and

klectrofishing Gear and Summary of Goodness of Fit Calculation.

Dolly Varden Colio

Length (mm) Trap Electrofish Trap Electrofish
3. 40 0 14 0 145
2l 50 0 80 8 30
1= 60 52 127 74 162
fl- 70 61 121 82 132
71~ 80 100 135 21 39
ST 72 107 7 10
51-100 38 50 1 2
ASHER RIS 23 29 - -
111-120 9 9 - -
L21-110 4 6 - -
131-140 4 7 - -
Tal-150 1 1 - -
Total 364 686 193 520

Summary of Goodness of Fit Calculation

Length Degree of  Calculated Critical Value
Species Interval Freedom Chi-square (5% Level)
tcho 31-100 6 86.06 12.59
41-100 5 8.71 11.07
belly varden 31-150 11 80.62 19.68
51-150 9 22.15 16.92
61-150 8 9.06 15.51
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Table 2, Statistical Comparison of Total Shocker Catches and Calculated

Peterson Estimates, Showing the Percent Difference.

B Dolly Varden (N = 11) Coho (N = 10)

Pap. Est, Catch % Diff. Pop. Est, Catch % Diff,
103 81 27.16 49 44 11.36
hR 54 7.41 22 20 10.00
37 36 2.78 36 35 2.86
35 33 6.06 6 5 20.00
45 41 9.76 25 23 8.70
17 16 6.25 17 16 6.25
12 11 9.09 18 17 5.88
17 16 6.25 9 8 12.50
12 11 9.09 18 17 5.88
8 35 8.57 37 36 2.78
L 42 4.76 - - -

Max % Diff = 27.16 Max. % Diff = 20.00

Min, 7 Diff = 2.78 Min. % Diff = 2,78

Mean 7 Diff = 11,17 Mean 7 Diff = 7.23
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The totai number of fish captured by electrofishing equipinent in each section
wis compared statistically to the Peterson estimate for that section.

{he number of fish collected with the shocker closely approximated the calculated
Poterson ostimate for each test section (Table 2). The mean difference between
the shocker catches and the Peterson estimates was determined to be 11.17% for
Dolly Varden and 7.23% for coho.

The siopv in the regression lines (Figs. 4 and 5) show that almost a 1-to-1
ratio exists between the shocker catches and the Peterson estimates and that a
gond corralation (r?y exists.

Ihere 1 0o known method whereby every fish can be removed from a stream section
with ahsolute certainty. Conseqguently, we are uncertain as to which method,
repetitive shocking or Peterson estimates, are the most accurate means of determining
rearing fish populations. However, we do know that both methods yield similar
results ans that an approximation of the numbers of fish living in a stream section

can be obtrined without conducting & Peterson marked/recapture estimate.

Minnow 1rap Method as a Population Index

it was telt that minnow traps might be useful in making population indexes of

rearing fish in small streams. If the minnow trap catch is density dependent

then they may be able to capture a consistent percentage of rearing Dolly Varden

snd coho 1 each enclosed section. The use of minnow traps as a population indicator
of rearing fish populations would enable one to quickly assess the quantity of rearing
fish in & zection of stream without making a formal population estimate.

irere was considerable variation in the percentage of the estimated Dolly Varden
and cohe populations captured by minnow traps (Figs. 6 & 7). Trap catches were
statistically compared to the population estimates in the test sections and Chi-
square 5% level significance) showed that the trap catches were not consistently
proportionate to the estimated populations of Dolly Varden and coho. Therefore
we feel that minnow trap catches do not provide a reliable index of rearing Dolly
Varden and coho populations and that catches may be governed by factors other
than population density .

_Minnow {rap Method as a Population Estimator

~nly twio replications were conducted to determine whether minnow traps could
pe utilized to estimate rearing fish populations. As a result, the data was incon-
iusive and the objective could not be fulfilled.
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tvrluation ol Species Composition Obtained by Minnow Traps

kreid observations indicated the possibility that minnow trap catches may be able

to reflect the species composition of the rearing community, as the percentage

i Dolly Varden and coho captured in traps appeared to be similar to the composition
+f young char and coho in the estimated populations. T-tests showed that the percent
species composition of the rearing fish captured in minnow traps was similar to the
percent composition of Dolly Varden and coho in the estimated population (Table 3).

“no mean difference between the minnow trap species composition and the estimated
ponuiation composition was -4.22% with a range of 0% - 23% difference.

CORMMENTS

Pre mdnnow trap, because of its field mobility, has become increasingly popular
wih various fisheries agencies in southeast Alaska for evaluating small rearing
fish streams. Often, recommendations concerning logging and other land use
activities are based on minnow trap results.

since minnow trap catches vary considerably and do not catch a consistent portion
of rearihg rolly Verden and coho populations, they should not be used as a tool
i guantitatively assess a population for recommendation purposes.

tilectrofishing methods for estimating populations appear to be promising. But
many streams in southeast Alaska are filled with physical obstructions, such as
log's, brush, and exposed root systems. Other have been filled with debris

frem logging activity making it almost impossible to use a shocker. Under these
corditions minnow traps have been extensively used. But where critical analysis
is required for recommendation purposes, some other methods should be adopted
ar used as a supplement.

e fluorescent pigment marking technique was found to be unsuitable for this
:0b's needs  The technique requires a considerable amount of equipment that
mck= the mobiiity for general field use. The technique is best suited for marking

ssrge volumes of fish and was impractical for the small numbers encountered st
the studv site
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Table 3., Species Composition of Dolly Varden and Coho in the Estimated

Population and in Minnow Trap Catches (N = 27),

Species Composition in % Species Composition Diff. + Between
__Estimated Population in Minnow Trap Catches Est. Pop.& Trap Comp.
holly Varden Coho  Dolly Varden Coho

87 13 81 19 6
66 34 60 40 6
657 33 67 33 0
72 28 74 36 -2
51 49 53 47 -2
85 15 85 15 0
50 40 66 34 -16
S 36 79 21 -15
40 60 47 53 -7
35 45 61 39 - 6
a7 33 68 32 -1
54 46 56 44 -2
61 39 66 34 -5
56 44 66 34 -10
40 60 63 37 -23
47 53 40 60 7
62 38 54 46 8
75 25 85 15 -10
63 37 75 25 -12
hl 39 52 48 9
57 43 66 34 -9
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Table 3.

Species Composition of Dolly Varden and Coho in the Estimated

Population and in Minnow Trap Catches (N = 27) (continued).

%, Species Composition in

% Species Composition

Diff. + Between

Mean Difference:

Standard Deviation of Differences

Dolly Varden

- 9 to 23%

I

Coho =

Difference
-4.22%
+4.,22%

= 8.55

28

) Estimated Population in Minnow Trap Catches Est. Pop. & Trap Comp.
Dolly Varden Coho Dolly Varden Coho
08 52 64 36 -16
61 39 60 40 1
58 42 56 44 2
48 62 53 47 -15
51 49 46 54 5
43 57 50 50 - 7
Totals 637 37% 647 36% -1
Range: Dolly Varden -23 to +9% Difference



Aquatic Insect Surveys

The following survey reports present information on aquatic insects from each
stream examined from 1969 to summer of 1972.

All the surveys were qualitative in nature, as quantitative sampling requires
intensive and lengthy sampling programs to approach accurate numerical values

for each insect species. The number of samples usually varied between one and ten
for all the systems, except for Hood Bay Creek where 83 samples were taken.

Collection data is presented in an abbreviated, simplified form. For complete
understanding of the classification scheme of the specimens collected, refer to
Table 4.

'The Nakina River, in British Columbia, is included in the survey lists. It is

felt that even though the river does not flow through Alaskan territory, it is

part of the Taku River system, and many aquatic insects found in the Nakina are
also common to the lower reaches of the Taku. Thus survey results from the Nakina
and Taku (listed under glacial systems) should be examined together.
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aQUATIC INSECT SURVEY

Corner Bay Creck (6/9/72)
57°44'20"N, 135°07'30"W; Quad. Sitka C-4

Lphemeroptera
Baeris sp.
Cinygmula sp.
Epeorus sp.
Plecoptera
Nemoura oregonensis Clsn.
Leuctra sara Clsn,
Alloperla revelstoki Jewett
Alloperla orcvgonensis Frison
Trirhoptera

Cimnephilidac
Dipieora
Tipulidae
Chironomidace
simuliidae

Dog Salmon Creck (8/18/71)
55°20"55"N, 132°30'05"W; Quad. Craig B-2

phemeroplera
Baetis tricaudatus Dodds
Cinygmula sp.
Ephemerella tibialis McD.
Plecoptera
leuctra augusta Banks
Alloperla pallidula Banks

Diptera
Polypedilum sp.

vick Cove (6/25/71)
57°%8' . 135°40'W; Quad. Sitka C-6

Eplemeroptiora
Lactis bicaudatus Dodds
Controptilium prob. conturbatum McD.

Epeorus sp.

i

hoecoptera
Alloperla exquisita Frison
Alloperla diversa Frison

Sist Bay Creek (8/7/71)
52O, 115°29100"W; Quad. Sitka B-5

fphemeroptera
Ameletus sparsatus? McD.
Pactis bicaudatus Dodds
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Cinygmula sp.

kpeorus (longimanus group) Eaton
Plecoptera

Nemoura cinctipes Banks

Nemoura frigida Clsn.

Alloperla exquisita Frison
All pirla oregonensis Frison

11 ovla sp.

Glacial River Systems (No specific survey dates)
Since little is known about the insect fauna of glacial rivers in
souitheast Alaska, the following is a combined list from several systems.

Lrhemeroptera
Baetis bicaudatus Dodds (glacial stream, Haines area)
GCinygmula sp. (Taku River)
fpeorus albertae (McD.) (Taku River)
Ephemerella prob. coloradensis Dodds (Taku River)
Plecoptera
Capnia excavata Clsn. (Mendenhall River, Juneau area)
Capnia nana Clsn. (Herbert River, Juneau area)
isogenus frontalis colubrinus Hagen (Taku River)
Alloperla forcipata Neave (Eagle River, Juneau area; Taku River)
Trichoptera

Limnephilidae (Mendenhall River, Juneau Area)
iptera

Tipulidae (Herbert River, Mendenhall River, Juneau area; Taku River)
Chirovomidae

Heterotrissoleladius? sp. (Mendenhall River and Lake, Juneau area)
told Creek (Near Juneau, no specific survey date)
58°18'N, 134°25'W; Quad. Juneau B-2

Ephiemeroptera
Ameletus sparsatus McD.
Baetis bicaudatus Dodds
Cinvgmula sp.
Plecoptera
Nemoura oregonensis Clsn.
Brachyptera occidentalis (Banks)
Arcynopteryx prob. signata Hagen
Trichoptera
Rhyacophila sp.
Hydropsychidae
Arctopsyche sp.
Biprera
Chironomidae

Orthocladiinae
simuliidae
Prosimulium sp,
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Herman Creek (7/14/71)
58°25'N, 136°06'"W; Quad. Skagway B-3

Ephemeroptera

Cinygmula sp.

fiphemerella coloradensis Dodds
Trichoptera

Rhyacophila sp.

Arctopsyche sp.
fnntera

Diamesa sp.

Hood Bay Creek (Summer 1969)
37°7608N, 134°33'W; Quad. Sitka B-2

Enhemeroptera
Ameletus sparsatus? MeD.
Baetis bicaudatus? Dodds
Baetis tricaudatus Dodds
Cinygmula (par group)
Epeorus (Iron) (longimanus group)? Eaton
Rithrogena sp.
Paraleptophlebia sp.
Ephermerella coloradensis Dodds
Ephemerella grandis flavitincta McD.
Ephemerella tibialis McD.
Plecoptera

Leuctra sp.
Capnia sp.
isogenus nonus Need. and Clsn.
Alloperla sp.
coleoptera
Oytiscidae
Hvdroporus sp.
I'richoptera
Rhyacophila sp.

{ipulidae
Dicranota sp.
Hexatoma sp.

Covatopogonidae
Palpomyia sp.

Chironomidae
Pscclrotanypus sp.
savrelimyia sp.
Diamesa Sp.
Pseudodiomesa c¢.l. arctica
Briftlia sp.

teteroty issocladius sp.




Orthocladius sp.

Paraphaenocladius sp.

Chironomus sp.

Polypedilum sp.

Micropsectra sp.
Simuliidae

Rhagionidac
;

Atherix sp.
ning Salmon River (8/28/72)
SRC0ZTI0TN, 134°20'30'"W; Quad. Juneau

phemeTaploera

A

Aveictus sparsatus MeD.
bactis bicaudatus Dodds
Geonygmula sp.

Epeorus albertae Dodds

Slocoptera

Alloperla oregonensis Frison
Irichontera

Rhyacophila sp.
Timnephilidae
Siarora
roulidas
Ohironomidae
favpodinae
Ortrhocladiinae

Kook jake and Inlet Streams (6/8/72)
S7°A0, 134°59'W; Sitka C-3, C-4

shemeropiera
Baetis bicaudatus Dodds
Cinvgmila sp.
Rithirogena sp.
fiphemerella doddsi Need,
PMlecoptera

Nemoura decepta Frison
Leuctra forcipata? 7 Frison
Leuctra occidentalis Banks
Capnia excavata Clsn.
Kathroperla perdita Banks
Alloperla exquisita Frison
Alloperla revelstoki Jewett
frichoptera
Rliyacophila sp.

Limnephilidae

Miproecd

St ronomi dace
simpllidac

A-2
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Nakina River (British Columbia (8/8/72)
SOON, 133°W

“phemeroptera
haetis bicaudatus Dodds
Cinygmula sp.
Lpeorus albertae (McD.)
Ephemerella prob. coloradensis Dodds
Flecoptera
Alloperla forcipata Neave
irichoptera

Rhyacophila sp.
Timnephilidae
Brachycentridae
Brachycentrus sp.
ptera
Tipulidae
Blephariceridae
Deuterophlebiidae
veuterophlebia sp.
hironomidae
Orthocladiinae
Simuliidae
Sirmulium sp.

fars Creek, Wrangell (8/5/71)
SROD0TI0YN, 132°20'20"W; Quad. Petersburg B-2

“phemeraprera
bacris tricaudatus Dodds

Bactis sp.

feuctra augusta Banks
frichoptera

Liemephilidae
Gipilera
Thirononidae

Simuiiidae

ot liarber Creek (8/17/71)
© . S5tn, 132°35'15'W: Quad. Craig D-2

it Conlera
Amele s sparsatus? MeD.
Paraleplophlebia sp.
fphemerclla grandis flavitincta MeD.

“vidvhoptera

Cheumatopsyche spl?
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HipLera
Tipulidac
Chironomidae
Cricotopus sp.?
Tanytarsus sp.
Rhaysionidae

Atherix ep.

wodnman Creele (6/22/71)

006 00N, 135°23'45'"W; Quad. Sitka B-5

Ephemevoptera

Baetis bicaudatus Dodds

Cinygmula minus? Eaton

Cinygmula sp.

Fpeorus (lrou) (longimanus group) Eaton
‘fecoptera

Lsogenus sp.

Alloperla revelstoki Jewett

Alloperla (Alloperla) sp.

iptoera

Hipulidae
Chironomidae
rlamesd Sp.

saginaw Creek (8/2/71)
56°50'307N, 134°09'10"W; Quad. Port Alexander D-1

Epneng roplerd
tactis bicaudatus Dodds
Cinyginula sp.
lpeorus sp.
i:phemerella coloradensis Dodds
Pleeoptera
alioperla pallidula Banks
irichoptera
Rhyacoephila sp.
Psvehomyiidae
Psychomyia sp.?
pleras
Chironomidac
Jrthocladiinae

i

SRS foadh i'[‘e\‘k (\7/23/71)
130N, 135°31700"W; Quad. Sicka D=5

Lnheweroplera
Baetis blcaundatus Dodds
Lbaetis tricaudatus Dodds
i.eptophlebiidae
Cloygoula sp.
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Plecoptera
Nemoura cinctipes Banks
Nemoura decepta Frison
illoperla revelstoki Jewett
“vichoptera
Timnephilidae

Dipfreras
Tipulidac
Dic

Uhireonomidae
Heterotrissocladius? sp.

streep Creek (near Juneau, no specific survey date)
1615 N, 134°19'15"W; Quad. Juneau B-2

s

rphemcroptera
Ameletus prob. sparsatus McD.
Baetis bicaudatus Dodds
Cinygmula sp.
Rithrogena c.f. hageni
iphemcrella doddsi Need.
‘lecoptera
Nemoura oregonensis Claassen

Kathroperla perdita Banks
Alloperla pallidula Banks
Arcynopteryx sp.
Trichoptera
Rhyacophila sp.
I ame phiilidae
Laborius? sp.
viptera
Tipulidae
bicranota sp.
Ceratopogonidae
Polpomyia sp.?
chironomidae
Orthocladiinae 3 spp.

: ‘ohn Bay (7/28/71)
RAO2TTO0TN, 132°57'30"W; Quad. Petersburg B-3

drhemeroptera
sactis bicaudatus Dodds
Cinygmula sp.
phemerella (Drunella) sp.
P"lecoptera
leuctra agpusta Banks
Alloperla pallidula Banks



http:m.l5;us.ta

iptera
Chironomidae
Polypedilum sp.
Simmliidae
Simulium

switzer Creck (No specific survey date)

"45"N, 134°30'10"W; Quad., Juneau B=-2

sphemercptera
saetris bicaudatus Dodds
Linygmula sp.
iphemerella doddsi Needham
sphemerella coloradensis Need,
ceoptora
Nemoura cinctipes Banks
Nemouty oregonensis Clsn,
‘epnia confusa Clsn
:pnia melia Frison
achyptera occidentalis (Banks)

Irichoptera

kbyacophila sp.

Limnephilidae
Diptera

Tipulidae
Hicranota sp.

tironomidae
Diamesa sp.
Ovthocladiinae

innmaned Stream, Mile 28, Petersburg Road System (7/27/71)
56°35'N, 132°34'W;  Quad. Petersburg C-2

Fphemeroptera
dactis bicaudatus Dodds
cinygmula sp.
Lpeorus albertae Eaton
tpeorus (Iron) (longimanus group) Eaton
iiphemerella coloradensis Dodds
Plecoptera
Alloperla pallidula Banks
Dintera

Mipulidac

103 Creeck, Whale Pass (7/29/71)
36 8N, 133°10'W; Quad. Petersburg A-4

“olieme roptera
paclls sp.
Ginygmula sp.
Iiphemerella coloradensis Dodds
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fphemerella doddsi Need.
Pjecoptera

Nemoura sp.

Alloperla sp.
irichoptera

Riwyacophila sp.

LLimnephilus sp.
Miptera

Chironomidae

swmuliidae

Whicterock River (7/5/72)
S7°12145"  134°50'55"; Quad. Sitka C-3

subimeroptera
Baetis sp.
Cinygmula sp.
Lpeorus sp.
Mecoptera
iapnia cexcavata Clsn,
Alloperla exquisita Frison
Alloperla oregonensis Frison
frichoptera
Rhyacophila sp.
Diptera
Chiroeuomidae
Tanypodinae
Orthocladiinae

Whitrewater Bay Creek (6/29/71)
57°15'N, 134°37'W; Quad. Sitka A-2

Yphemeroptera
Baetis bicaudatus Dodds
Cinvgmula sp.
peorus (Iron) (longimanus group) Eaton
iphemerella grandis flavitincta Need.
Plecoptera
f.apuia sp.
Alloperla exquisita Frison
'richoptera
fhyacophila sp.
Diptera
Tipulidac
Dicranota sp.
ieratopogonidae
Palpomyia sp.
chironomidae
Orthocladius sp.
Heterctrissocladuis sp.
Polypedilum sp.
Micropsectra sp,
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Wilson Creek, Petersburg Road System (7/27/71)
$6°34'"N, 132°39'W; Quad. Petersburg C-2

Ephemeroptera
Faetis bicaudatus Dodds

Cinygmula sp.

Epeorus (Iron) (longimanus group) Eaton

Diptera
Fhagionidae
Atherix sp.

Young Bay Creek, Admiralty Cove (11/2/72)
58°10'N, 134°40'W; Quad, Juneau A-2

Lplhemeroptera
Ameletus prob. sparsatus McD.
Baetis bicaudatus Dodds
Cinygmula sp.
Epeorus (Iron) longimanus Eaton
Epeorus (Ironopsis) grandis McD.
Rithrogena robusta? Dodds
Ephemerella doddsi Need.
Plecoptera
Nemoura sp.
Capnia sp.
Isogenus sp.
Alloperla spp.
Coleoptera
Amphzoidae
Amphizoa sp.
Trichoptera
Rhyacophila Z2spp.
Psychomyiidae?
Hydropsychidae
Arctopsyche sp.
I.imnephilidae
Dicosmeocus? sp.
Pycnopsyche? sp.
Hptera
Chironomidae
Orthocladius sp.
Simuliidae
Prosimulium sp.
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Provisional List of Aquatic Insecis

The following iist compiles information on aquatic insect populations gathered
from obgervations and collections from 29 stream systems in southeast Alaska. (Table 4).

Almost all determinations, with the exception of the Plecoptera,have been made
fror the immature forms and are regarded as tentative until more information
can be coliected.

Detzrmunation of speciinens belonging to the orders Trichoptera and Diptera re-
gulres a degree of expertise and training, which at this time is beyond the scope

of tais project for the purposes of general collecting. Consequently, determinations
nave onlv beer: made to the family level for many specimens in these groups.

A4 guestion mark following the name of an insect denotes doubtful placement.
che figures listed for cach taxon is not intended to portray a group's abundance
srodistribution in southeast Alaska but merely notes the number of streams the

mnd:viduals have been collected in.

Comments on Aquatic Insect Surveys

it was tound that the number of samples conducted in a watershed determine to
3 large extent the completeness of each faunal list. Apparently a small number
of samples yield only limited qualitative information, while large numbers of
samples {Hood Bay Creek; 83 samples) yields more detailed information of the
benthos. Many of the species collected at Hood Bay were represented by only
4 few specimens. such as: Paraleptophlebia sp., Ephemerella tibialis Mcd. ,
{sogenus nonus Need & Clssn., Zavrelimyia sp., and Prosimulium sp. These

species would not have been collected had it not been for the large number of
samples . taken over a wide range of aquatic habitats.

The investigator will find it much easier to identify stomach contents of fish if

ne first becomes familiar with specimens collected from the benthos, as these
specimens are usually in better condition. The investigator need not take
exca2ssive number of samples from the benthos in order to draw correlations
aelween the bonthos and stomach samples. It was found that fish tend to feed

on the commoniy represented species and rarer forms are seldom found in the
stomach sampies (Elliott and Armstrong, 1972) . Thus a small number of samples
will ususlly vield enough information to establish the identity of the common forms.

Analysis of insect surveys appears to show a general faunal pattern in S.E. Alaska
streams. 'There are several species and genera which were common to almost
all the streams surveyed. The collector can usually anticipate finding these

organism= ir any stream that is sampled. A preliminary list of these organisms
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Table 7,

frrder EPHEMEROPTERA
“amily SIPHLONURIDAE
tenmus Ameletus
sparsatus McDunnough 1931
Camily BARTIDAE
Genus Baetis
bicaudatus Dodds 1923
tricaudatus Dodds 1923
Genus Centroptilium
conturbatum? McDunnough 1929
Family HEPTAGENTIIDAE
Genus Cinygmula
minus? (Eaton 1885)
Cinygmula sp.
Senus Epeorus
Subgenus Iron
albertae {(McDunnough 1924)
longimanus (Eaton 1885)
Subgenus Ironopsis
grandis (McDunnough 1924)
Epeorus sp.
Genus Rithrogena
hageni? Eaton 1885
robusta Dodds 1923
Rithrogena sp.
family LEPTOPHLEBITIDAE
Genus Paraleptophlebia sp.
Family EPHEMERELLIDAE
Genus LEphemerella
Subgenus Drunella
coloradensis Dodds 1923
doddsi Needham 1927

No.

grandis flavitincta McDunnough

Subgenus Serratella
tibialis McDunnough 1924
Urder POECOPTERA
Family NEMOURIDAE
Subtamily NEMOURINAE
genus Nemoura
Subgenus Podmosta
decepta Frison 1942
Subgenus Visoka
cataractae Neave 1933
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Subgenus

No. of Streams Known to Occur
in (29 streams sampled)

Zapada

cinctipes Banks 1897
frigida Claassen 1923
haysi Ricker 1952
oregonensis Claassen 1923

Subfamily LEUCTRINAE
Genus Leuctra

Subgenus

Subgenus

Despaxia

augusta Banks 1907
Paraleuctra

forcipata Frison 1937
occidentalis Banks 1907
sara Claassen 1937

subfamily CAPNIIDAE
Genus Capnia
confusa Claassen 1924
excavata Claassen 1924
melia Frison 1942

nana

Claassen 1924

projecta Frison 1937
subifamily TAENIOPTERYGINAE
Genus Brachyptera

Subgenus

Doddsia
occidentalis (Banks) 1900

Family PERLODIDAE
Genus Arcynopteryx

Subgenus

Megarcys
signata (Hagen) 1874

senus Isogenus

Subgenus

Subgenus

Isogenoides

frontalis colubrinus Hagen 1874
Kogatus

mnus (Needham and Claassen) 1925

Family CHLOROPERLIDAE
Subfamily PARAPERLINAE
Genus Kathroperla
perdita Banks 1920
Subfamily CHLOROPERLINAE
Genus Alloperla

Subgenus
Subgenus

Subgenus

Neaviperla

forcipata Neave 1929
Suwallia

pallidula (Banks) 1904
Sweltza

coloradensis? (Banks) 1898
exquisita Frison 1935
oregonensis Frison 1935
revelstoki Jewett 1955

42

-t

- N W

=W N LT



No. of Streams Known to Occur
in (29 streams sampled)

Subgenus Triznaka
diversa Frison 1935 2

Order COLEOPTERA
Note: very few coleoptera have been found during
surveys of creeks and rivers in southeast
Alaska. Most of them are confined to
lentic environments, sloughs, and slow
moving rivers.

Order TR1ICHOPTERA
Family RHYACOPHILIDAE

Genus Rhyacophila 13
Family PSYCHOMYIIDAE
Genus Psychomyia 2

JFamily HYDROPSYCHIDAE

Genus Arctopsyvche 2
Cheumatopsyche? 1
Family LIMNEPHILIDAE 8
Genus Dicosmoecus 2
Limnephilus 1
Caborius? 1
Pycnopsyche? 1

Family BRACHYCFNTRIDAE
Genus Brachycentrus 1

Order DIPTERA
Family TIPULIDAE 9
“enus Dicranota 5
Hexatoma 1
Family BLEPHARICERIDAE 1
DEUTEROPHLEBIIDAE

Genus Deuterophlebia 1

Family CERATOPOGONIDAE
Genus Palpomyia 3
¥amily CHIRONOMIDAE 4
Subfamily TANYPODINAE 2
Genus Psectrotanypus 1
Zavrelimyia 1

Subfamily DIAMESINAE
Genus Diamesa 4

Pseudodiamesa
c.f. arctica 1
subfamily ORTHOCLADIINAE 7
Genus Brillia 1
Heterotrissocladius 4
Orthocladius 3
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senus Cricotopus
Paraphaenocladius
subfamily CHIRONOMINAE
Genus Chironomus
Polypedilum
Micropsectra
Tanytarsus
Family SIMULILDAE
Genus Simulium
Prosimulium
Family RHAGIONIDAE
Genus Atherix
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has been drawn up (Table 5).

Table 5. A List of the Most Commonly Occurring Aquatic Insects in

Southeast Alaska,
[non-glacial streams]

EPHEMEROPTERA

STPHLONURIDAE

Ameletus sparsatus Med.
BAETIDAE

Baetis bicaudatus Dodds
HEPTAGENIIDAE

Cinygmula sp.

Epeorus sp.

Rithrogena sp.
EPHEMERELLIDAE

Ephemerella coloradensis Dodds
Ephemerella doddsi Needham 1927

PLECOPTERA
NEMOURIDAE
Nemoura sp.
Leuctra sp.
Capnia sp.
CHLOROPERLIDAE

Alloperla sp.

TRICHOPTERA
RHYACOPHILIDAE

Rhyacophila sp.
LLIMNEPHILIDAE

DIPTERA
TIPULIDAE
CHIRONOMIDAE
SIMULIIDAE
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in most streams, there are several dominant species or genera in each order.

in the order Ephemeroptera, Baetis bicaudatus-Cinygmula sp., associations are
the most common. Often, Baetis bicaudatus-Epeorus sp. Rithrogena sp. can

be found

The most common of the Plecoptera are the Nemouridae and Chloroperlidae
(Alioperla sp.) groups. These associations can be found in almost all streams.

The most common member of the order Trichoptera is the family Limnephilidae.
Usually two or more species can be found in a stream. The genus Rhyacophila
(Rhyacophilidae) is also present in most streams. The family Chironimidae
(Diptera} appears to be represented in all streams (though often not recorded).
Observations and collections indicate that this family not only dominates the order
but may be the most abundant in terms of both species and biomass in S.E. Alaskan
streams.,

ANNOTATED BIBLIOGRAPHY

'he following annotated bibliography represents the background information
on the ecology und behavior of rearing fish. It should be considered preliminary
nsonly ¢ portion of the available literature is presented.

bor the purposes of this paper, the rearing portion of the life history was defined
#s that portion between emergence and smoltification in the anadromous forms and
{rom emergence to sexual maturity in nonanadromous forms. The bibliography
presents only those papers dealing with stream and river habitat and does not
inciude references to lake environments.
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Allee, Brian J,.
1971, A study of the behavioral interactions between juvenile coho
salmon and steelhead trout, Research in Fisheries, Fisheries
Research Institute, Univ, Wash,, Contrib, No. 340, p. 36.

"The data so far indicate that there are definite carrying capacities
for any given habitat type., These are based on the space available and
the food produced. Other variables such as velocity, depth, and cover
tend to modify the carrying capacity as well, Preliminary data suggest
that juvenile coho are more aggressive than steelhead in both pool and
riffle habitat types, However, more juvenile coho are found in pools and
more steelhead occur in riffles,

Similar experiments, testing the ability of hatchery-reared fish of
both species against their wild counterparts, show that hatchery fish are
found in a pool and riffle habitat at densities above that which the wild
fisti attain and thus, perhaps, above that which the available food can
support. This may be considered as a disadvantage for hatchery fish and
may. with further work, help to explain the low survival rate of planted
fry and fingerlings in the wild environment,

These studies in natural and experimental streams may help to
evaluate production estimates and determine if it would be advantageous
to manage individual streams with certain characteristics for a particular
species of fish,"

Allen, K. Radway.
1941, Studies on the biology of the early stages of the salmon (Salmo
salar) 2. Feeding habits, J. Anim, Ecol., 10(1):47-76.

"1. A study was made of the relation between the food of young salmon
and the fauna, carried out between June 1935 and October 1938 on the river
FEden and on some tributaries of the Thurso River.

2, The factors determining the composition of the food eaten by fish
are considered theoretically, and it is shown that both the nature of the
potential food animals and the behaviour of the fish have an effect.

3. The nature of a potential food animal affects is availability to
the fish, and a method of measuring this is developed. Application of this
method to all the principal types of animals in the fauna shows that the
animals may be divided into four categories according to their availabili-

ties,

4, The availability of an animal depends primarily upon its habits,
being affected by its activity and by the degree of exposure of the habitat
it usually occupies, The size of an animal and the presence or absence of
a hard outer covering also appear to influence the extent to which it is
available to fish of different sizes,
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Y. The behaviour of a fish determines the extent to which it selects
s food., The degree of selection exercised by a fish increases as the
number of animals in its stomach increases, At least 80% of fish with more
o ten animals in their stomachs appear to be exercising selection,

v. Application of an arbitrary test showed that selection was confined
;o a few of the most numerous food animals. In the first-year fish, nearly
ili the selected animals belonged to the two most numerous groups, and in
the second-year fish to the five most numerous groups. A few groups of
animals were found to be very rarely selected, although fairly abundant in
the available fauna.

/o The composition of the food of a population of fish is similar to
the composition of the fauna available to it, except that selection tends
to cause the animals most abundant in the available fauna to be eaten to a
relatively greater extent,

8, The measurement of the availabilities of the different animals in
the fauna by the methods used in this paper can be applied to the evalua-
Lion ot faunas as food supplies for young salmon.

Y, Examination of the quantity of food taken on the surface showed
that more surface food is taken by second-year fish than by first-year fish,
that more surface food is taken in the Thurso system than in the Eden system,
and that surface feeding takes place to a much greater extent in the months
Aupust to October than at other times,"

Allen, K, Radways
1941, Studies on the biology of the early stages of the salmon (Salmo
salar) 3. Growth in the Thurso River system, Caithness, J. Anim,
Ecol, 10(2):273-295,

“1. 4 study of the growth of young salmon in three tributaries of the
Thurso River, Caithness, was carried out between August 1937 and October
1938. Thesc results are compared with those from a similar study of the
voung salmon of the river Eden, in Cumberland and Westmorland,

Jo The seasonal variations in the growth-rate and related phenomena
in the Thurso system correspond extremely closely with those from the Eden,

(a) Growth takes place during only a part of the year; the growth
reriod, April to September, is slightly shorter in the Thurso system
than in the Eden.,

(b) Growth is slower in the later part of the summer than in the
early part,

{(¢) The amount of food found in the stomachs of the salmon is at a
maximum during the early part of the rapid growth period in both first
and second years, and then falls steadily to a low value at which it
remains during the winter,
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(d) The seasonal changes in the condition factor of the fish may
be correlated with changes in the rate of growth., When condition is
good the rate of growth is high and when condition is poor the rate of
growth declines or remains low,

3. Further evidence is produced in support of the hypothesis that the
temperature 7° C, is critical in determining the activity and hence the
feeding and growth of young salmon,

4, The mean rate of growth in the second year for the period June to
August is calculated for the three Thurso tributaries and for the Eden, and
from this a theoretical date of commencement of growth is obtained., This
date is considerably later in all the Thurso tributaries than in the Eden,
and the difference is similar in extent to the difference between the average
dates of the rise of temperature to 7° C, in the two systems,

5. Division of the total annual increment by the June to August growth
rate indicates that the total length of the growth period in both first and
second years is less in the Thurso system than in the Eden,

6. The order of the streams studied is the same in respect to the rate
ol growth during the slow growth period, August to October, as to the rate
of growth from June to August, The ratio between the rates of growth during
thege two periods shows that it is similar in the different waters in the
first year but varies widely in the second year. 1In both years the rate of
arowth during the slow growth period is relatively higher in the Eden than
in the Thurso tributaries.

7. While either the maximum summer temperatures or seasonal variations
in the rauna may in some cases affect the extent of the decrease in the rate
»f growth in late summer neither is the primary cause.

8. The order of the streams is the same in regard to the relation be-
tween the food supply and the fish populations as in regard to the rate of
growth during the rapid growth period,

Y, The amount of growth in one year depends on:

(a) The amount of food available, which affects the rate of growth
during the rapid growth period.

(b) The date of the rise of temperature to 7° C, which determines
the date of commencement of rapid growth,

(¢) The unknown factors which determine the length of, and the
rate of growth during, the slow growth period,

L0, Comparison between the second year increment and the date of the

riec of temperature to 7° C., throughout the natural range of the salmon,
shows that while this factor may affect the annual increment within restricted
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areas, some other factor is of greater significance in determining its
magnitude in different parts of the range,"

Armstrong, Robert H,
1963. 1Investigations of Anadromous Declly Varden populations in
Lake Eva-Hanus Bay drainages, Southeastern Alaska, Alaska
Department of Fish and Game., Federal Aid in Fish Restoration,
Annual Report of Progress, 1962-1963, Project F-5-R-4, 4(3-B):
78-122,

“Studies also conducted to gather information on food and feeding
habits, age and growth, sex ratio, spawning requirements, fecundity and
freshwater rearing requirements,.,'" Information on age and length frequency
is included. '

Armstrong, Robert H,
1967, 1Investigations of anadromous Dolly Varden populations in the
Hood Bay drainages, Southeastern Alaska., Alaska Department of
Fish and Game. Federal Aid in Fish Restoration, Annual Report
of Progress, 1966-~1967, Project F~5-R-8, 8(2-B):33-56,

“'Stomach analysis of inmigrant char indicated that salmon eggs were
the most frequently eaten food while the char were in Hood Bay Creek,
Insects of the orders Plecoptera and Diptera were the most frequently
found food item in rearing char,"

Armstrong, Robert H,
1970, Investigations of anadromous Dolly Varden populations in
Hood Bay drainages, southeast Alaska, Alaska Department of
Fish and Game, TFederal Aid in Fish Restoration, Annual Report
of Progress, 1969-1970, Project F-9-2, 11(2-B):37-46.

"This report presents the results of the fifth year of study at Hood
Bay and the eighth year of investigation on the life history of Dolly
Varden, Salvelinus malma. Emphasis of study included a smolt transplant
cyperiment from the North Arm streams to Hood Bay Creek, homing and
straying of Dolly Varden at maturity, and habitat preferences and intra-
stream movements of rearing Dolly Varden and coho salmon, Oncorhynchus
lkisutch, at Hood Bay Creek,

Population estimates of 52,737 Dolly Varden and 24,029 coho salmon
were calculated for these species rearing in Hood Bay Creek., A similar
rearing environment with a preference for sheltered pools, sloughs, and
undercut banks was indicated for both rearing Dolly Varden and coho salmon,
Dolly Varden were found to select most of their food from the stream
bottom: coho salmon selected most of their food from the water surface,”

Armstrong, R, H, and Paul D, Kissner.
1969. Investigations of anadromous Dolly Varden populations in
Hood Bay drainages, Southeastern Alaska., Alaska Department of
Fish and Game, Federal Aid in Fish Restoration, Annual Report
of Progress, 1968-1969, Project F-9-1, 10(2-B):45-92,
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"Food studies of the rearing fish in Hood Bay Creck indicated that
competition for food was occurring between Dolly Varden, coho and cottids.
competition for space between Dolly Varden and coho was also indicated.

was estimated that rearing Dolly Varden, coho and cottids consumed

between 11 and 20 percent of the pink and chum salmon fry outmigrating
¢he Jouth Arm Stream in 1968."

Armstrong, Robert H. and W, M. Morton.
1969, Revised annotated bibliography on the Dolly Varden char.
Alaska Department of Fish and Game. Research Rept. No. 7:108 pp.

"This revised bibliography contains 507 published and unpublished
references on the Dolly Varden, Salvelinus malma (Walbaum)."

armstrong, R. H, and R, D. Reed
1471. Dolly Varden Sport Fishery - Juneau Area. Alaska Department
of Fish and Game, Federal Aid in Fish Restoration, Annual
Report of Progress, 1970-1971, Project F-9-3, 12(R-1V):26 pp.
"This report presents the results of the sixth year of study at Hood
ay and the ninth year of investigation on the life history of Dolly
vardern, Salvelinus malma. Emphasis of study included behavior observa-
tions of Dolly Varden and coho salmon, Oncorhynchus kisutch, fry and
Yingerling; evaluation of the Dolly Varden smolt transplant conducted in
1969, an experiment to determine the role of sight and olfaction in homing
Hollyv Varden, and {loat tracking of mature Dolly Varden.

During observations in the natural environment and in an aquarium,
cohe try frequently attacked Dolly Varden fry; no incidence of Dolly
varcen fry aggression toward coho fry was recorded. As fingerling, Dolly

Varcen attacked coho on several occasions, with only one record of a coho
att.cking @ Dolly Varden obtained,

Coho fry and fingerling sampled food more often at the surface than
Delly Vorden f{ry and fingerling, which sampled food mostly at the stream
Lottom.

Cohe fingerling obtained food introduced into the aquarium more
~frew than Dolly Varden fingerling.

Stomach content of Dolly Varden and coho fingerling sampled in Hood

day treck indicate coho fed more frequently on surface insects than did
the Dolty Varden.”

Population dynamics of the coho salmon and its response to
logging in three coastal streams. (Taken from summary of Ph.D
Thesis) Oregon State University.

fumnediately upon emergence, coho fry begin dispersal downstream mov-
oy ubd to 300 meters each night. This nocturnal movement continues until
cach is settled and take up residence. During the day the fry maintain
nosition and feed in the current. Experiments and observations suggest that



nocturnal migratory behavior is part of a developmental sequence beginning
with the initial hydrostatic disequilibrium of the fry and ending in resting
cohavior at night. Until this stage is reached, the nocturnaly active fry
ar. subicecl to displacement downstream, The transition to quiescent

rocturnal behavior is gradual, taking up to a week for some individuals
and may be detormined by the initial condition of the fry, degree of com-
petition, and tood availability during the day. Intraspecific competition
Lrom priov resident fry delays the aquisition of nocturnal resting behavior
and acts to augment dispersal,

Sisrribution evidently functions to move fish away from the redd sites

sfo nursery areas of the stream, Evidence suggests that fry migration is
inofficient as a mechanism of population regulation but does reduce stresses
overpopulation,

Coho territorial and agonistic behavior, while important in dispersal
continues into the fall until populations are adusted to stable levels,
ihese adjustments occur through mortality, not migration, Calculations
cndivate rthat 80% of each years recruitment die by September and that
mortalicy rates ave density dependent and thus regulatory in nature,
ierritorial and agonistic behavior are thought to be most important in
rhis respect, Population levels change very little after September, thus
sroducing the near constant smolt output each year. The ability of coho
populations to deal with variable fry input each year apparently also
extends to the detrimental effects of logging.

Growth among colio populations occurs in the summer and spring just
srior to immigration as smolts. The average coho grows 45 mm from June to
aext April, A decrease in mean size in one area was associated with high
stream temperatures in the unshaded stream and changes in population
structure also occurred,

biomass decreases with the populations in spring and early summer and
nereases after population stability has been achieved. It is often tem-
porarily sustained the next spring by a balance between smolt outmigration

and increased growth rate,

About 90% of the yearling coho immigrate as smolt, and the smolt
viceld 1s independent of initial year class strength in June, a consequence
ot population regulation via mortality,

CReTL, e Ce
1969, Food and leeding of juvenile chinook salmon in the Columbia
River at Hanford. Biological Effects of Thermal Discharges,
Ann. Prog. Rept,, Battelle Northwest, Richland, Wash. (Taken
from Sinha 1971).

"Stomach contents of 445 young chinook salmon taken near Hanford were
examined., They fed primarily upon aquatic insects, mainly chironomids,
me secondarily on terrestrial insects., No evidence was found to suggest
that heated cffluents discharged in midwater plumes and which rapidly mix
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with the colder river water adversely affects either insect production or
feeding activity of fish. Food intake was restricted in a few shoreline
arcas receiving warm water via intragravel seepage, Thermal discharge to
“he river. when waters are below preferred levels during spring runoff,
may actually benefit the fish,'

srormn, T. O,
197 . Trout and salmon movements in two Idaho streams as related to
remperature, food, stream flow, cover, and population density,
Trans. Amer., Fish., Soc. 100(3):423-438.

"Many juvenile salmon and trout migrated from the Lemhi River drainage
ach fall-winter-spring period. Seaward migration of anadromous trout and
salmon normally occurred in the spring but pre-smolt anadromous and non-
snadromous fishes also left the stream usually beginning in the £fall, I
compared data on temperature, food abundance, stream flow, cover and popu-
iation density with movements and conducted field and laboratory tests to
determine reasons for the two types of movements,

smolts of the anadromous species migrated for an obvious reason but
none of the factors I examined appeared to "stimulate or release" their
scaward migration. Movement frequently coincided with changes in water
temperature and stream flow, but T could not establish a consistent casual
re lationship and concluded that photoperiod and perhaps growth must initiate
the physiological and behavioral changes associated with seaward migration,

Non-anadromous and pre-smolt anadromous species emigrated from the
streams for different reasons than the smolts., I postulated that fish
found the stream environment unsuitable during the winter, Stream temper=-
ature declined in the fall as fish began moving from the streams but I
could not induce more fish to stay in test troughs with 12°C water versus
troughs with 0-10°C water. Fish emigrated before abundance of drift
inscelbs declined in winter, Emigration occurred in spite of the rela-
tively stable flows in both streams. Population density modified the basic
migration pattern by regulating the number and percentage of fish that
cmigrated and to a limited extent time of emigration,

Movements of non-smolt trout and salmon correlated best with the amount
of cover provided by large rubble substrate., Subyearling trout emigrated
“rom Big Springs Creek which contained no rubble substrate but remained in
the Lemhi River which did., 1In both field and laboratory tests more fish
remained in troughs or stream sections with large rubble substrate than in
troughs or sections with gravel substrate, Trout and salmon in many Idaho
=rreams enter the substrate when stream temperatures declined to 4-6°C.

A

A suitable substrate providing adequate interstices appears necessary or
the fish leave "

slackett, Roger F.
1968, Spawning behavior, fecundity, and early life history of
anadromous Dolly Varden, Salvelinus malma (Walbaum) in South-
castern Alaska, Alaska Dept. Fish and Game Res. Rept. No. 6:

s
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"I'he early life history of Dolly Varden was studied at Hood Bay
Creek in 1965 and 1966. Winter Survival of eggs to yolk sac fry was
»stimated to be about 41 percent from hydraulic sampling of the spawning
site in the spring of 1966, The rearing habits and requirements, indicated
oy uniform sampling methods, involve seasonal trends of intra-stream move-
mept, habitatl preferences, and differential size group preferences. Age
composition and growth rate of the rearing fish appeared quite similar to

that of young fish in the Lake Eva system,"

Marvin F,
4%, Relationship between trout populations and cover on a small stream,
J. Wildl, Mgmt, 18(2):229-239.

Rouss=u

YA total of 155 sq. ft. of brush cover was applied to four sections, The
increase in total pounds of fish following this application averaged 1.60 per
inventorv, The populations in three control sections increased 0.23 pounds per
mventory,

A total of 128 sq. ft, of natural brush cover was removed from two sections,
Fhe decrease in total pounds of fish per inventory following removal was 1,71,
4 control section increased in total pounds by an average of 0,18 per inventory,

Fifteen square feet of undercut bank was removed from two sections. The
decrease in total pounds per inventory following this removal was 0.25, The
control section incrcased in total pounds an average of 0,25 per inventory.”

1957. Salmon research and hydroelectric power development., Bull, Fish.
Res, Bd. Canada No, 114:26 pp.

"1t was found that sockeye and coho downstream migrants orient themselves
sight, in the presence of light and absence of turbulence, The differ-
snce in response to a currant of water in darkness and in light may be
simply the absence of visual cues in the dark, rather than any diurnal
change in behavior., The white water below a falls or spill must be equiva-
fent Lo partial blinding,"

Burns, Jdames W,
1971. The carrving capacity for juvenile salmonids in some northern
California streams, Calif. Fish and Game, 57(1):44-57.

“Standing crops of juvenile coho (silver) salmon (Oncorhynchus kisutch),
«v¢elhead rainbow trout (Salmo gairdneri), and coast cutthroat trout (Salmo
terki) were exanined in seven coastal streams to define the natural carry-
capacity of these streams, and to develop methods of population compari-
son and prediction which could be used to determine the effects of road con-
struction and logging on salmon and trout production.

Bbiomass per unit of surface area was the best method of expressing
arrying capacity, because biomass was better correlated with stream surface
area than with other parameters tested., Volume of streambed sediments, total

fissolved solids, alkalinity, and total phosphate in six streams were not




satisfactory predictors of carrying capacity, Only living-space variables
correlated significantly with biomass. Not all streams reached carrying.
capacity in the summer and salmonid biomass was highly variable, Even Wth
i vears of prelogging study, it would be difficult to attribute a change in
arrving capacity under 507 to anything but natural variation,"

Burns, James W.

1972, Some effects of logging and associated road construction on

northern California streams. Trans, Amer. Fish. Soc. 101(1):1-17.

Pihe effects of logging and associated road construction on four
alifornia trout and salmon streams were investigated from 1966 through
1909,  This study included measurements of streambed sedimentation, water
jpality, fish food abundance, and stream nursery capacity., Logging was
ound to be compatible with anadromous fish production when adequate

itteation was given to stream protection and channel clearance,

The carry-
et

apacities for juvenile salmonids of some stream sections were in-
vased when high temperatures,

Topon s
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low dissolved oxygen concentrations, and
sedimentation did not accompany the logging. Extensive use of
sutldozers on steep slopes for road building and in stream channels during
debris removal caused excessive streambed sedimentation in narrow streams.
Sustained logging prolonged adverse conditions in one stream and delayed

stream recovery., Other aspects of logging on anadromous fish production
m the Pacific Coast are discussed.”

sutler, Robert L., and Hawthorne, Vernon M,
1968, The reactions of dominant trout to changes in overhead artificial

cover., Trans, Amer, Fish, Soc., 97:37-41,

"A submerged tank at the Sagehen Creek Project of the University of
#lifornia provides a facility for analysis of trout behavior under natural
itream conditions. Here, studies were made to learn to what extent dominant
rout will use shade provided by overhead artificial surface cover, Three
sverhead artificial surface covers of different size were constructed of

P

.4 inch plywood., They were mounted on steel legs and painted black on the

s1de in contact with the surface water. During each of three studies, these
Sovers

were permuted cvery two or three days with three different positions
im the test agrea,

Three dominant trout representative of the three common trout

sxubow, and brown, were used in three separate tests,

brook,

Several brook trout
Jd vainbeow frout occupied the test area simultaneously with each dominant
RN o

'rom 286 hours of observation it was learned that the rainbow trout

howed the lowest use of shade produced by the overhead covers and the
highest civi

vighest activity in movements from these shaded areas. Activity of the
prown trout was the lowest of the three species, but the use of shade was the
viephest,

¢ The brook trout was intermediate in both these aspects,
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All three species showed a preference for (Chi-square P €0,005) the
shaded areas of the large overhead cover (3 by 3 feet) versus the shaded area
provided by the medium-sized overhead cover (2 by 2 feet), Very little
utilization was made of the shade provided by the small overhead cover
{1 bv 1 foot).

The rainbow trout showed the least attachment for any particular site,
whercas the brook trout and brown trout showed a preference for a particular
zite and overhead combination. Although these data are limited, they confirm
much of what is known by the observant angler,"

Cavlander, K. D.o
1955,  The standing crop of fishes in lakes. J, Fish. Res. Bd.
Canada, 12(4):543-570

“Standing crop estimates derived by draining and those by poisoning
appear to be equally accurate, but marking and recovery estimates may not
£ directly comparable with the cther two average standing crops in river
hackwaters and oxbows were almost 500 pounds per acre; in midwestern re-
servoirs, almost 400 pounds per acre; in other reservoirs and ponds, 200
to 300; in warm-water lakes, 125 to 150; and in trout lakes, less than
59 pounds per acre,

No correlation could be shown between areas of lakes or ponds and their
-tanding crops per acre., There was a tendency for standing crop per acre
te decrease with increase in maximum depth of trout lakes, of warm-water
fakes, and probably of reservoirs. Significant increase in standing crop
acye with increase in carbonate content of the water was found in
trout lakes, warm-water lakes and midwestern reservoirs,

Elten's pyramid of numbers was demonstrated in an analysis of standing
crup per acte by species, Competition between species at the same food
tevel may be mitigated by habitat segregation. Standing crop per acre
increases as the number of specics increases or as the niches are filled.
However, standing crops of given species were usually highest when only
ane or two species were present. Regressions of the standing crops of one
snecics upon those of other species may give clues as to the degree of
competition or of protocooperation, but these clues must be critically
cvaluated since the regressions may be due to factors other than the pre-

ne o ol the other species,"

Chapman, D. We
1962, Effects of logging upon fish resources of the West Coast,
Jour, Forestry. 60(8):533-537,

A summary of the effects of logging on fisheries resources and
stream habitat, Items discussed are: stream flows, velocities, water
Lenperatures, water quality and sedimentation, aquatic insects and
phytoplankton, fish habitat, energy sources for production, log barriers
and £ish movement,



Chapman, D. W,
1962, Aggressive behavior in juvenile coho salmon as a cause of
emigration., J. Fish, Res, Bd, Canada, 19(6):1047-1080,

"Large numbers of coho fry (called nomads) move downstream from shortly
after emergence through early fall., These fry are smaller than residual coho,
Study of behavior showed coho to be aggressive and territorial or hierarchical,
Nomadic coho placed in stream aquaria barren of resident fish tended to remain
in the aquaria rather than continuing downstream movement, while nomads added
o resident groups of coho were dominated by the resident dominant fish and
tended to leave the channels, Hierarchies were organized on the basis of fish
size, with larger fry having better growth opportunities., Feeding of coho in
excess of requirements did not alter holding capacity of stream aquaria,
Aggression observed in natural stream areas was frequent, probably virtually
continuous, Nomads transferred to natural stream areas barren of other coho
r»naincd there, while nomads added to resident populations tended to move

ownstveam, Tt was concluded that aggressive behavior is one important
factor causing downstream movement of coho fry.,"

Chapman, De W
1965. Net production of juvenile coho salmon in three Oregon streams,
Trans. Amer, Fish, Soc. 94(1):40-52

“Net production of juvenile coho salmon was estimated in three small
streams in Oregon for 4 comsecutive years, Annual net production of coho
was greatly different in the 4 years, but production per unit area was
similar among streams, averaging about 9 g/m2 per year, No significant
dirfterences were found among streams in production per unit area for 14
months from cmergence of fry one spring through seaward migration the
next spring. For 4 years biomass averaged 5~12 g/m shortly after emer-
wnce of fry, declining to 2-3 g/m? by July and remaining at about 2-4
‘ until emigration of smolts in the following spring. In all years,
mean production declined from 1,9-2,8 g/m2 per month after emergence to

+2=0.3 ¢/m® per month in winter, then increased to 0,5-0.6 g/m* per month
cvior to emigration., Monthly instantaneous growth rates were highest shortly
itrer emergence of fry, declining until late winter, then increasing just
sfore smolt emigration, The mean monthly instantaneous growth rate was
1b0b. 0.19 for all streams and years. Yield of smolts as seaward emigrants
ranged from 18 to 67 per 100 m2, Net production was 1.5 to 3.0 times
wreater than yield as biomass of smolts, Net production of all fish in
W slream containing coho, steelhead and cutthroat trout, and cottids was
scimated to be 16 g/m® per year and compared with data from other waters.,
fotavively large freshets appeared to cause large downstream movements of
fvenifs coho., Downstream drift of postemergence fry and emigration of

teuded to bias estimates of growth and net production in the
ponulations,"
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ASapman, . W,
1966, Food and space as regulators of salmonid populations in streams,
Amer, Nat, 100(913):345-357,

"For stream-dwelling, natural population of salmonids, all the foregoing
~an be forged into one grand speculation. The physical environment only
legislates the density and does not react to the biological aspects; thus,
setting the framework within which density is governed., Some biological
aspects of environment have the characteristics necessary for governing
density, In some cases, competition for spawning sites may limit density;
more usuallv, sceding is adequate and the control of density occurs at
later stages in life history. Predation, cannibalism, pathogens, and
parasites act usually as agents of destruction., Interspecific competition
in stream fish acts more as a density-legislative factor than as a density-
soverning one because of specific habitat isolation brought about by current
olocity, bottom type, cover, and time,

‘n summer each species is regulated in density by a space-food, some-
“ime s bv o a space~-shelter, mechanism., In the former case competition for
space {contest) has been substituted for conventional competition for food
(scramble), but the substitution is incomplete, permitting populations to
muake use of temporarily super-abundant food, A minimal spatial requirement
appears to be present regardless of food supply and perhaps has been fixed
over the evolutionary time scale by minimal food supply. If density is
regula ted in the winter, it probably is related to space necessary to
vucape downstream displacement or damage by current,"

Chiapmar., Je Wo and Bjornn, T, C,
19649, Distribution of salmonids in streams with special reference to
food and feeding., Symposium on salmon and trout in streams, H., R.
MacMillan lectures in fisheries, Univ, B.C. p 153=176,

"Autecology of fish distributions is treated with particular attention
t behavior of young chinook salmon and steelhead trout in Idaho streams,
Behaviour of other fish species and races is examined and discussed,

In the warmer months voung chinook salmon and steelhead trout are
ussociated with velocities and depths in proportion to body size, shifting
o faster and deeper waters as body growth occurs., Interaction for space
hietween specles is minimal because of differing times of fry emergence.
oistribution close to high-velocity water is food-related and density is
socially~controlled with the greatest distributional role of social be-
havior played among fish of near-equal size. During the day the fish
~omain In a small home area, then settle at night to the bottom, generally
«“tey moving inshore,

Beginning in September many young steelhead and chinook salmon move
lownstream from tributarvies to overwinter in larger streams, often living in
hi: stream substrate. Most fish disappear into the substrate at tempera-
‘urcs below about 5 €, and winter cover is important in holding over-winter-
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Distributional behavior of young salmon and steelhead in the warmer months
is similar to that of several other salmonid species. Winter hiding behavior
is common in stream salmonids, often preceded by downstream movement in the
fall, Return upstream movements in spring often occur., Such behavior in the
cotder months is probably directly related to water temperature,'

onte, ¥. P., Wagner, H. H., Fessler, J., Gnose, C.
1966, Development of osmotic and ionic regulation in juvenile coho

salmon Oncorhynchus kisutch. Comp. Biochem. Physiol., 18:1-15.

1. The developmental pattern for the osmotic and ionic regulatory
system during the juvenile phase of the life cycle was determined,
Measurements of survival time were made monthly as were changes in blood
osmotic, sodium and chloride concentrations following exposure to sea water
(salinity = 30%).

Y« The development of sea~water adaptation preceded seaward migration
and parr-smolt transformation by 6-7 months, No regression of adaptation
was obscrved following the terminal stages of the migration period.

3. Sea-water survival for various salinities (20%;>30%9 was shown to
a function of size and not chronological age. Relative survival times
between certain species of the genus Salmo were compared to Qncorhynchus

4. Variability of the osmotic and ionic regulatory system was
indicated by the deviation between blood concentrations (i.e. mOsm/1,
aiiquiv. Nat/1 and mEquiv. C17/1) of fresh-water fish (control) and fish

poscd ro sea water during the pre-migratory, migratory and post-migratory

neriods ™

wooper, Es L.
1970, Growth of cutthroat trout (Salmo clarki) in Chef Creek, Vancouver
Island, British Columbia, J., Fish, Res. Bd, Canada 27: 2063-2070,

"Cutthroat trout were collected periodically from April 3 to September 20,
V68, by electrofishing and were preserved in formalin., Within a few days,
2ach fish was measured and a sample of scales was taken for study. Scales first
appeared on these cutthroat trout immediately above and below the lateral lime
on the anterior portion of the caudal peduncle, Scales were always selected
from this area for study, mounted in glycerin-gelatin, and examined at a
wagnification of 127 diameters. Scales grow relatively more slowly as the
£ish increases in length, causing the body-scale relation to be curvilinear,
Growth of the fish was determined both by calculating size-at-age data from the
scules and by comparing mean lengths of age-groups collected at different times

Gl the Jear.

The growth of cutthroat trout from Chef Creek was slow; calculated mean
fork lengths for the first three annuli were 50, 84, and 119 mm, Only a few
“ish of age-group IV were collected and these were considered to be nonanad-
romous individuals on the basis of scale examination and small size,
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Cordone, A. J. and D. W. Kelly

1961. The influences of inorganic sediment on aquatic 1life in streams.
Calif, Fish and Game, 47:189-228.

"There is abundant evidence that sediment is detrimental to aquatic
I te in salmon and trout streams, The adult fishes themselves can ap-
navently stand normal high concentrations wit hout harm, but deposition
o sediments on the bottom of the stream will reduce the survival of eggs
and alevins, reduce aquatic insects fauna, and destroy needed shelter,
Thire can scarcely be any doubt that prolonged turbidity of any great
dewree ie also harmful "

o rone, Richard Allan
1968, Behavior and survival of coho salmon, Oncorhynchus kisutch

{Walbaum), in Sashin Creek, Southeastern Alaska., M. S. Thesis,
Gregon State University. 79 pp.

"A weir or fyke net was fished in the spring to estimate emigration of
mvenile coho, Coho smolts left Sashin Creek from April through July; peak
¢migration occurred in late May or early June. Coho fry left the stream in the
spring and summer in widely varying numbers from year to year, I estimated
from growth data, population estimates, and analysis of scale samples that

most coho juveniles remained in Sashin Creek for two growing seasons before
migrdating to sea.

Analvsis of scales from juvenile coho indicated that some reabsorption
¢! scales occurs during the winter. The possibility of reabsorption of circuli

makes back-calculation of the length of younger age groups of coho from scale
measurements unreliable,

liptera were represented more often than any other order of insects in
the stomachs of juvenile coho., Hemiptera were important as food items to
uvenile coho in a tributary stream. The estimated survival from egg deposition
w0 immediately prior to emergence varied between 17.5 and 34,9 percent for the
three brood years, and averaged 27.8 percent, Early summer populations of fry
were variable in size and dependent on the size of the egg deposition of the
brood. Populations of fry declined rapidly during July and early August.
‘nstantaneous mortality rates were much higher for this period than during any
ather time in the freshwater 1ife of coho salmon in Sashin Creek, Mortality
dropped to a low level during the following winter period.”

femory, Robert Leroy

1961. Foods of juvenile coho salmon and two insect groups in the coho diet

in three tributaries of the Alsea River, Oregon,

M.S. Thesis, Oregon
State University, 68 pp.

te
s

Diptera in the three streams was the most important goup of food items
in terms of dry weight. They were represented mostly by Tendipididae, Other

tood groups of importance were Ephemeroptera in Deer Creek, Trichoptera in Flynn
(reek and Hymenoptera in Needle Branch,
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2, Fish in Deer Creek and Flynn Creek fed mainly on organisms of aquatic
habitats, but fish in Needle Branch fed mainly on terrestrial organisms., During
the summer months of 1959, fish in Deer Creek fed primarily on aquatic items,
but in Needle Branch the diet was composed mainly of terrestrial items., Fish
in Flynn Creek selected aquatic and terrestrial food items in about equal pro-
portions.

3. The predominance of aquatic items in fish stomachs from Deer Creek
during the summer months of 1959 was apparently due to organic drifting result-
ing from surface flows between pools, In Needle Branch the predominance of
terrestrial items was apparently due to lack of organic drift because of
little or no surface flow between pools late in the summer,

4, Generally, O/ age fish utilized the smaller invertebrate organisms
such as Tendipedid larvae, Collembola and small mayfly nymphs, Trichoptera
and other larger insects were utilized mainly by 1/ age fish,

5. Baetis nymphs were predominately algal feeders, diatoms being the
dominate algal forms present in the stomachs. Amounts of algae available to
Baetis nymphs were limited by reduced light levels due to cover densities,

6. Paraleptophlebia nymphs were predominately detritus feeders during
daylight hours because of a strong negative-phototropic response. Two
night sampling experiments indicated that these nymphs fed to a greater
extent on algae at night,

7. Examination of Hydrobaenid larvae indicated that they were primarily
detritus feeders and fed only to a limited extent on algae,"

Doudoroff, P. and D. L. Shumway.
1967. Dissolved oxygen criteria for the protection of fish. 1In:
A symposium on water quality criteria to protect aquatic life.
Amer. Fish. Soc. Special Publ, No. 4:13-19,

In laboratory studies, swimming ability and rates of development and

growth have been shown to be limited by the oxygen supply at oxygen con-
centrations very near or even well above saturation levels,

Edgington, John Richard.
1969, The impact of logging on the ecology of two trout streams in
North Idaho., M.S. Thesis, Univ, Idaho, 73 p.
"%, No unfavorable conditions were found in dissolved oxygen, pH or
hardness in the control or test streams for either study area,

5. Turbidity measurements were high during road building in 1957 in

Crystal Creek and increased sedimentation was noted. Turbidities in 1966
were low for all streams,
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6. No effect on cutthroat trout population was detected that could
v artributed to logging.

Y. Trends in abundance of the four most important Orders of aquatic
insecte in the St, Joe study streams appeared normal over the years. No
Teor From Gopping was noted in this avea,

4. A downward crend afrer road building was most clearly noted for
voiumes of Pleocoptera following road construction in the Crystal Creek
‘-ca, Ephemeroptera and Trichoptera also trended downward. Insects in the
v stream (Silver Creek) had similar although less pronounced trends
Colames, L appears rhat weather conditions may also have been affect-

t

ce Phee bottom fauna of the arca,

G . Botn streams have either reached the pre~logging level of bottom

svpa anundance or have shown an increase,”

podmundson, Pidom, Evevest, Fo B, and Chapman, D. W.
1968, Permanence of station in juvenile chinook salmon and steelhead

s

rrour, T, Fish, Res, Bd, Canada. 25(7):1453~1464,

"payrime movements and night locations of juvenile steelhead trout (Salmo
B ori) and night locations of spring-run chinook salmon (Oncorhynchus
Lshawytscha: were observed in Johnson Creek and the Lochsa River in Idaho
Juring the summers of 196% and 1966, 71he observations were made by branding
fish and obscrving them subsequently under water, The distances between
sequential sightings of branded steelhead within cach day and over longer
sonds were recorded,  Im 151 sequential sightings of steelhead within each
e Johnson Creck, 58% of the distarces moved were less than 3 m and 86%
were less than éme  In 59 sequential sightings of branded steelhead on
cuccessive days in the Lochsa River and Johmson Creek, 537 were less than
woand 69% were less than 6 m apart., 1In sightings of branded steelhead
cararod by D0-l4 days, 45% (25) of the sequential sightings were less than

1

woand 63% wore less than & m apart. Movements of spring-run juvenile
ninoolk salmon within each day were measured in a stream aquarium (10,5 m
Tomg end 0,6 m wide), Of 272 observed daily movements, 657 were less than

reihead trout were inactive at night, occupying bottom areas of

-, asually dionshore, During the day they were in areas of

. Chipook salmom were observed at night to be both on the

totcom and near the surface in quiet water, and on the bottom in flowing

catey,  Chinook salmon were found at all depths in quiet water during the day,

ivoctvner, some steelhead trout were found in the substrate in the same area
cecuplod the previous summer,'

rent

196/, The food of trout (8almo trutta) in a Dartmoor stream, J. Appl.
Ecole, 4, Ps 39=72.

he tood of trour (Salmo trulta) was investigated in relation to
i Ceevs voonrale dritt oand the benthos,




2. Using an electrical stunning machine, fish samples were taken from
June 1963 to October 1964 in the day and from April to October 1964 at night,

3, Nearly all the common members of the benthos and drift occurred in
the trout stomachs, but only 1+ and 2+ trout contained the larger members of
the benthos and drift. The biomass and numbers of most items in the
stomachs increased with the size of the trout, and showed no definite
pattern when compared on a monthly basis,

4, The principal day foods were nymphs of Baetis spp. for O+ trout,
terrestrial invertebrates and oligochaetes for 1+ trout, and large larvae
of Limnephilidae for 2+ trout. It is suggested that this marked difference
in the principal foods reduced the competition for food between the fish
classes,

5, Most of the animals taken exclusively from the drift were only
important as constituents of the diet in summer, and those taken chiefly
from the benthos were important in both winter and summer, Some animals

were taken from both drift and benthos in large numbers, especially in
winter.

6. The fish samples taken at night indicated that the trout were feeding
in the early hours of the night during the summer months. It is concluded
that the availability of many benthic animals increased at night and that
the trout were utilizing this readily available food either as drift or from
the tops of stones.,"

Elliott, Steven T. and Robert H. Armstrong
1972. Dissemination of information collected on Dolly Varden.
Alaska Department of Fish and Game. Federal Aid in Fish Re-

storation, Annual Report of Progress, 1971-1972, Project F-9-4,
13(R-1IV):In print.

"Interspecific and intraspecific competition was observed in Dolly

Varden-coho communities with coho fry and Dolly Varden fingerlings being
the most aggressive.

Dolly Varden and coho communities appear to be vertically segregated,

with rearing char feeding closer to the substrate and coho feeding at the
surface,

Rearing fish population densities were influenced more by intra-
spucific competition than interspecific competition.,

he food habits of rearing fish appear to remain fairly constant
during the rearing period.
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Both snocices of fish utilize invertebrate drift for food, coho to a
nirch greator extent that Dolly Varden.

Dolly varden may feed selectively on Chironomidae larvae,

the results of information collected at Hood
“as drveel, foutheast Alaska from May 1968 through May 1971 on rearing

i s csalvelinus malmayr and coho salmon (Oncorhynchus kisutch).
Cuohastn ot the stady was placed on competition, food habits, and habitat

soptivement o of the rearing fish,

epoit nresents

Rearing Dolly Varden and coho were distributed throughout Hood Bay
oic with voung char appearing to prefer undercut banks as habitat and
b stributed fe sioughs, backwaters, and slow moving tributaries.
specles wore commonly found along stream margins and small

ot aries

Motls species of rearing fish appear to move to the warmer headwater
cinutarios o overwinter, DPuring the winter fewer Dolly Varden feed
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fvercst, Pred H.
1969. Habitat sclection and spatial interaction of juvenile chinook
salmon and steelhead trout in two Idaho streams. Ph. D, thesis,

r

viv., of Idaho., 77 bop.

)

A survey of 2840 we of habitat in 1966 indicated that during summer
visoing nopuiations of rhese species are segregated, Age 0 steelhead

ot want abundant over rubble substrate at velocities and depths of less
ppran .00 m/see and 0,15 m, respectively; densities of age 0 chinook were
saximal over silt substrate at velocities of less than 0.15 m/sec and
copths of 0,15-0,3 m; age 1 steelhead were most abundant over large rubble
ciivoacs ab bocrom velocities and survace velocities of 0,15-0,3 m/sec
Seenomyisor, regpectively, and depths of 0.6-0.75 me  In 1967,
cocupled by allopatric populations of each species was sampled to

seuregation was the result of interspecific interaction. The
veowuits of ihis work Jdid not demonsirate an interactive segregative
. bl instead indicated that the presence of one species had

cio on distribution of the other. Juvenile chinook and steel-
Pead of the same size were found to have similar ecological demands, But,
cau spaws in spring and chinook spawn in early fall, creating intra-

cecerepecifne size groups of pre-smolts and minimizing the potential for
ril crvaenion,  Individuals of both species hibernate in rocky areas of the

ay poapacticle wize »>40 cm) in winter,"

4, and Dy W. Chapman
Habirat selection and spatial interaction by chinook salmon and
cocolhead Frout in two Idaho streams, J. Fish. Res. Bd, Canada

T
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"During summer sympatric steelhead trout and summer chinook salmon
segregated in Crooked Fork and Johnson creeks, In short-term allopatry,
¢ach species occupied the same types of habitat as in sympatry. Most
age 0 steelhead lived over rubble substrate in water velocitites and
depths ol less than 0,15 m/sec and 0.15 m, respectively; most age O
chinook lived over silt substrate in water velocities of less than 0,15
m/sec and depths of 0,15-0.3 m; most age I steelhead resided over large
rubble substrate in water velocities of 0,15-0,3 m/sec (near bottom)
and 0,75-0,9 m/sec (near surface), and in depths of 0.6-0,.75 m. As
fish of each species became larger they moved into faster, deeper water,
Juvenile chinook and steelhead of the same size used the same physical
space, But steelhead spawn in spring and chinook spawn in early fall,
and disparate times of spawning create discrete intra- and inter-
specific size groups of pre-smolts, The size differences minimize
potential for social interaction, both intra- and inter-specific,”

Fraser, F, Jo
1969, Population density effects on survival and growth of juvenile
coho salmon and steelhead trout in experimental stream channels,
Symposium on Salmon and Trout in streams, H. R, MacMillan
Lectures in Fisheries, Univ. of B.C. pp. 253-265.

"In nature, coho salmon and steelhead trout are closely associated in
their first year of life, This association, combined with initial high
densities, must play an important role in determining growth and survival,
This study was designed to measure density effects upon the population
dynamics of these fry. Three hypotheses were tested: (1) that growth
rates are density-dependent, (2) that survival rate is largely species-
specific and, (3) that interspecific competition will be less intense than
intraspecific competition,

Steelhead fry have a faster initial growth rate than coho, enabling
them to exceed the coho in growth despite the latter's earlier hatching
and consequent initial size advantage. Growth rates were inversely
related to density, both inter- and intraspecific effects being noticeable,
Survival data indicated that this aspect of their population dynamics was
largely species-specific.

The cffects of competition, both inter- and intraspecific, were found
o be greatest within the high-~density group, where minimal biomass was
produced, The effects were much less within the intermediate groups where
compcrition was almost entirely intraspecific, The low-density groups
cxperienced minimal competition.”
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civa, M, Py, P, A, Olson, and R, E, Nakatani,
71, Seme factors in susceptibility of juvenile rainbow trout and

inook salwmon to Chondrococcus columnaris, J., Fish, Res, Bd,

Jancda 28:1739-1745,

$4 e

yiumnaris racase appeared to be influenced by age of fish, crowding,
Bl waroer tenperature,  Rainbow trout of about 1 g and chinook salmon of
ot b oo were less susceptible than smaller fish, and tests with chinook

n osupgested that age was more important than weight., When chinook
swort averaging L.3 g

3 & were exposed from July to October to the pathogen
mortality ranged from 1,07 in a trough with 50 fish to
e with 90U, Mortality of rainbow trout averaging 2.4 g that were
wonathogen in trough river water averaged 4,7-22% after 4
cmperatures from 7.2 to 1Y.8 C; the survivors, however, were
subsequent infection, suggesting development of an
to 00 mortality ol sibling chinook salmon averag-
xposed Jor 25 min to about 2,5 x 10° organisms per
wroslos e cile viver water were about 19 hr at 10 ¢ and 8 hr at 22 C,
' ot rainbow trout was higher when they were held at 2,2 degrees C
han when helo ar 2.2 degrees C above seasonal river temperatures.”

wALeT

coodndight, W, . and Bjorn, ¥. C.
1977 ©ish production in two ldaho streams,
100{43:769-780,

Trans, Am, Fish, Soc,

Wit

iwared fish production (tissue elaboration) in two tributaries
River im Idahe. Fish in Big Springs Creek produced 11,8

it the Lemhi River 13.6 g/mz/yr. In Big Springs Creek juvenile

colhead vrout comprised most (84-95%) of the biomass present and

Comost of In the Lemhi River, however, a

of the production (88%).
c¢f unexpluited whitefish made up most (60-80%) of the
contributed only 527 of the production. The desired yield
springs (reek, an intensively managed stream, was steelhead trout
smecty and rhe weight of the juvenile migrants was 34% of total production
coo stweam. [n the Lembi River, chinook salmon smolts were the primary

Loonud weight of smolts was probably less than 11% of total production,

Ve gl sbiained from the whitefish population in the

S POt IO
comdss but they

oo g

Lot wWas

Suggests

that possibility that both Brook trout and steelhead
serwintor {u smal! tributaries and return to the main creek during

ol salmon (Onchorhyn
Taves ‘2 TINRO 28:¢
Series No. 0.

as kisutch, Walbaum)., A biological
Fisheries Res, Bd, of Canada

A6



Emergence of coho fry from the gravel occurred from March to July with
ity averaging approximately 27-32 mm., Yearling and two year old coho
measure 35-115 mm and 55-125 mm in length respectively, Scale circuli
counts for voung coho average as follows: Age I summer, 4; winter 4;

Age I+ lst summer 6; lst winter 6; 2nd summer 3; Age II+ lst summer 5;
ist winter 7; 2nd summer 7; 2nd winter 5; 3rd summer 5, The ratio of
vearlings to two year olds in all sample areas ranged from 667-100%.

Newly emerged coho were usually found in quiet backwaters, in shady
arcas pear overhanging vegetation or near underwater cones., Larger finger-
lings were found in deep quiet recaches., Most of the fish move into deep
waterr during the winter,

Sritbtith, J. Se, Jre
1972, Comparative behavior and habitat utilization of brook trout
(Salvelinus fontinalis) and cutthroat trout (Salmo clarki) in
small streams in northern Idaho. J., Fish., Res. Bd, Canada,
29:265-273,

"Individual brook (Salvelinus fontinalis) and cutthroat (Salmo clarki)
irrout communicated with similar behavioral signals, both in laboratory
stream-channels and in northern Idaho streams., Underyearling brook trout
were less active socially than equal sized cutthroat trout in laboratory
nhservations, TIn study streams, brook trout maintained a 20 mm size
advantage over cutthroat of the same age groups throughout their lives,
as they emerged from the gravel before cutthroat, Because of this size
advantage, underyearling brook trout of sizes found in study streams in
Sceptember consistently dominated in experiments the underyearling cutthroat
with which they normally lived, But in study streams underyearlings of
the two species utilized different microhabitats, particularly with
respect to water depth, and so minimized chances for interaction,

Yearling and colder brook trout initiated 40% fewer aggressive en-
counters under laboratory conditions than did equal sized cutthroat trout,
and did not displace the cutthroat, In study streams with sympatric popu-
lations, cutthroat trout of these age groups occupied territories with
focal points of higher watcr velocities (averaging 10,2-10.3 cm/sec) than
those occupied by brook trout (averaging 7.6-9.6 cm/sec). Considerable
interspecific overlap in other habitat characteristics occurred fo.o trout
oi age group I and II, The oldest members of the two species segregated
more distinctly, as the brook trout lived closer to overhead cover,"

Gritsenke, 0. Fo
1969, Diet of the char (Salvelinus alpinus (L.)) in the rivers of
Sakhalin., Prob. Ichthyology. Vol., 9, No. 3, p. 410-417,
American Fisheries Society (Translation).

"Kggs and young salmon of the genus Oncorhynchus constitute the basic
tood of the char, Salvelinus alpinus (L.), in the rivers of Sakhalin, The
times and duration of feeding of the char are determined by the time of




aporearance of this food and its abundance, factors which differ substan-
tially In the rivers of different types depending on the species of
salmon involved and their spawning times., Salmon losses caused by char
nradation on the young stages are not great, since the char consumes
mainiy inviable eggs and weak young,"

“Artic char may provide a hygenic function in streams by eating dead
sags and fry',

Mattman L, F
1958, Mouth size and food size in young rainbow trout,

Salmo gairdneri, Copea No. 3, 233-234,

arrdics indicate that threc types of food; trout fry, trichoptera
irvae ., and stonefly nymphs are injested successfully in decreasing order,
ively, 8ince the three organisms offer varying degrees of resis-
inircetion, when related to the mouth size of the predator,

)
ek

Hertman, Go F.o
1963. Observations on behavior of juvenile brown trout in a stream

aquarium during winter and spring. J. Fish, Res, Bd. Canada,
20(3):769-787.,

"Ubseyvations were carried out in February-March and May-June periods
during which water temperature ranges were 0,0-0,5°C and 8,5-12,5°C, re-
spectively, Responses of fish to structures representing simplified
crivi ronmental features, e¢,g., visual reference points, support against

fish could brace themselves in current, areas of slow water, over-
cover and areas of shade, were studied at three different water
Jdocities, Winter and spring responses to illuminated and dark cover
and o arcas of rocky bottom were compared. Fish associated progressively
et with experimental structures as more envirommental features were
acorporated into them. Degree of association with such structures and
v th other tvpes of cover was much greater during winter, Degree of
cssociation increased with water velocity during both spring and winter,
wreasing water velocities modified aggressive behavior, Fish dis-
Siaved re]af;vrly more at low water velocities and nipped more at high
“focities, 1o is possible that the association with and defence of
£ locations on the bottom of a stream has selective value that
sites  seasonally, providing the species with protection from

cdatzon and from displacement by current in winter, and with an
veckr o mode of food utilization in spring and summer,"
Cimatl, (e o

role of behavior in the ecology and interaction of underyearling
(Oncorhynchus kisutch) and steelhead trout (Salmo
Fish., Res. Bd. Canada Vol. 22, No. 4, p 103521081,

L9650, The
coho salmon
galrdneri).
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"rwo similar salmonids, coho and steelhead, cohabit many coastal rivers
of British Columbia. Field collections reveal that the distributions of
underyearling coho and steelhead are similar along the length of these
streams, However, the micro-distribution of the two species is different,
in spring and summer, when population densities are high, coho occupy pools,
trout occupy riffles. 1In autumn and winter, when numbers are lower, both
species inhabit the pools. Nilsson (1956) stated that segregation (such as
that shown by coho and trout in spring and summer) may be indicative of
competition resulting from similar ecological demands., To test this
hypothesis the distribution and behavior of coho and steelhead were com-
parcd in a stream aquarium at different seasons with gradients of light,
rover, depth or depth/velocity, and in experimental riffles and pools,
Distributions and preferences of the two species in the experimental
environments were most similar in spring and summer, the seasons when
segregation occurred in nature, and least similar in autumn and winter,
the seasons when the two species occurred together in nature, Spring and
summer segregation in the streams is probably the result of interaction
which ocecurs because of similarities in the environmental demands of the
species and which is accentuated by dense populations and high levels of
dguressiveness. The species do not segregate in streams in winter be-
cause certain ecological demands are different, numbers are lower, and
levels of aggressiveness are low, When the two species were together in
the experimental riffle and pool environment, trout were aggressive and
defended areas in riffles but not in pools; coho were aggressive in
sools but less inclined to defend space in the riffles. These differences
it behavior probably account for the distribution of trout and coho in
natural riffles and pools.,

The data support the basic contention of Nilsson (1956) and illustrate
the role of behavior in segregation produced by competition for space."

Hartman, G. F., and Gill, C. A,
1968, Distributions of juvenile steelhead and cutthroat trout (Salmo
gairdneri and S. clarki clarki) within streams in southwestern
Rritish Columbia, J. Fish, Res, Bd, Canada., 25(1):33-48,

"Trout were collected and identified from 66 streams or stream systems
ot different size and gradient, Total sissolved solids (T.D.S.) and pH were
determined on most streams, Size and profile of streams to a large degree
determined the species of trout present, Large streams, with drainage area
over 130 km?, were predominantly occupied by steelhead. Small streams,
drainage arca under 13 kmz, were predominantly occupied by cutthroat,
Strcams less than 120 km? in drainage area with steep gradients, and empty-
ing directly into the sea, usually supported steelhead, as did large rivers,
Those which dropped steeply and then levelled and ran through several miles
=1 sloughs usually supported cutthroat., Where both species occurred, cut-
throat were most often predominant in the small tributaries and headwaters,
and stecelhead in the lower reaches of the main stream. Stream pH's were
usually lower in winter than in summer, but had no obvious effect on trout
Jdistribution. Many cutthroat streams had high T.D.S. readings in the lower
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reaches in summer and low T.D.S. readings in these areas in winter, Other-
;.- there were no marked differences between steelhead and cutthroat
soreams in rferms of T,.D.S.M

Wl

Heiser., David W,
1966, Age and growth of anadromous Dolly Varden char Salvelinus malma
(Walbaum) in Eva Creek, Baranof Island, Southeastern Alaska, Alaska
Dept., Fish and Game Res. Rep. No. 5:29 pp.

"The age and growth of Dolly Varden were determined from random samples
stlected at the Eva Creek weir in 1962 and 1963. Otoliths were used for all
age determinations. The youngest migrant char were from age group II, the
sldest from age group XI, and the majority from age groups III through V. By
the ratio was nearly equal in the young fish with an increase in percent
£ tcmales in the older age groups. The char from the Eva Creek - Lake system
ratured by their fifth or sixth year. The majority of the Lake Eva char spent
their 0, I, 11 and sometimes III years in fresh water and migrate to sea in
their thicd or fourth year of life. During this rearing period their growth
waz very slow, Growth between the out- and in-migrations at Eva Creek averaged
Y4 wmm and 0,30 pound. Very little growth was exhibited by the char during
theilr winter stay in Lake Eva, The age composition of char entering a lake
system and a non-lake system was compared and discussed,”

“rss, A, D, and Rainwater, J, H.
1939, A method for measuring the food preferences of trout, Copea,
Noo 3:154-157,

tingerling brook trout of about 9-11 cms were fed 4 types of organisms:
seroneuria, Hydropsyche, Chironomus, and Chaoborus. These organisms are
ared in descending order as to the amount of chitenization on the body.
't was found that Acroneuria nywmphs were the most difficult to digest and
i the greatest amount of time for complete digestion, while Chaoborus
the least amount of time,

cur, Wiltiam S,
1958, The evolution of migratory behavior among juvenile salmon of the
senus Oncorhynchus, J, Fish, Res, Bd. Canada 15(3):391-428,

"The discussion is based on a detailed ethological comparison of four
specics of juvenile Oncorhynchus-coho, chum, sockeye and pink salmon,
Their behaviour is described in terms of five fixed behaviour patterns-
iiding under stones, occupying territories,schooling, feeding and escap-
ing predators, These are performed in relation to five directive factors-
tight, temperature, current, salinity and objects in the environment.

“he internal motivation seems to have an endocrinological basis. The coho
rv, because of its river habitat, territorial behaviour, low nocturnal
cotivity and smolt transformation, is considered to show behaviour nearest
tu that of the parental type of the genus, The pink fry has the most
f1ehly specialized sea-~going behaviour, Three major developments are

0



evident in the evolution of obligatory pelagic and ocean dwelling species
(a) early smolt transformation (b) increased nocturnal activity and (c)
schooling, Some possible evolutionary sequences are considered,”

Hopkins, . L.
1970. Some aspects of the bionomics of fish in a brown trout nursery
stream., Fish. Res., Bull, No. 4, Fish. Res. Div., New Zealand
Marine Dept.

"The population density, growth, and food have been described for the
members of a mixed population of juvenile brown trout, bullies, and eels,
The data presented have been used to examine the ecological and competitive
food relations of these species.

The food of all species of fish was the stream benthos, and most of
the animals eaten belonged to the Ephemeroptera and Trichoptera, The inverte-
brate fauna was of '"average richness'" on the grading used for North American
streams and in both density and biomass surpassed that of the Horokiwi, which
has been considered to be similar to many New Zealand streams.

A consideration of the daily food requirements of the fish and the
availability of food led to the conclusion that under normal conditions food
was not a limiting factor among the adults and large juveniles, There seemed
tietle interspecific competition for food, for living space, or for spawning
1 E0S,

It was considered that predation by larger fish on smaller was insigni-
ficant, Yet 90 percent of young bullies and trout were lost during the first
few months of life; so intense intraspecific competition among very young
fish was postulated., During the period of highest mortality these young
fish were present in large numbers, shared the sameé food requirements, and
apparently ate a limited variety ot food items, Under these conditions the
availability of food and of living space were probably the principal factors
governing their survival,

There appeared to be several mechanisms operating among the young fish
©o reduce the likelihood of a general food shortage. Among the trout fry,
rerritorial behaviour ensured dispersal of fish and reduced feeding
pressure.,  Among bully fry, which showed no obvious territorialism, there
was cvidence of migration by some members down stream from the breeding
area; moreover the protracted breeding season gave rise to a year class of
targe size range which might be expected to eat a wide range of food."

Huncsman, A, G,
1945, Migration of salmon parr., J, Fish. Res, Bd., Canada 6(5):399-402,

"Some salmon (Salmo salar) parr in a stream descend from the spawning
wredas, particularly during freshets, to populate lower waters, such as
tukes and fresh or brackish parts of estuaries, although killed by full sea
water, Thence they ascend and populate available streams at variable dis-
rances. depending upon conditions such as falls,"



Therefore, Atlantic salmon parr have the ability to occupy streams
cther than their home stream for rearing purposes,

fdyll, Clarence
1942, Food of rainbow, cutthroat, and brown trout in the Cowichan
River system, B. C. J, Fish. Res, Bd. Canada, 5(5):448-458,

"Stomach contents of 293 rainbow, 160 cutthroat and 113 brown trout
were examined and analyzed according to species, size groups (5 cm,) and
Fabitat {river or lake)., TFor rainbows of both river and lake (4 to 50
ene, in length), insects, chiefly Trichoptera and Simuliidae, were pre-
¢ominant in all size groups, Fish constituted a small fraction of the
tood except in the winter when salmon eggs were available, River cut-
throat subsisted chiefly on insects (Trichoptera) up to 15 cm., on
insects and fish (Gasterosteus) up to 30 cm,, thereafter largely on
fish. Lake cutthroat samples did not eat fish in any number until
4 oem. Jong. Brown trout ate chiefly insects (Trichoptera) up to 45.5
tie, thereaiter turning more definitely to a fish (salmonid) diet,

“he cutthroat were more piscivorous than the brown trout., A definite
seiection of food by the trout was indicated."

Jenkins, Thomas M., Jr.
1969, Night feeding of brown and rainbow trout in an experimental
stream channel, J, Fish. Res. Bd. Canada 26: 3275-3278.

“This study sought to determine if stream living brown and rainbow
‘rout (Salmo trutta and Salmo gairdneri) will feed on drifting terrestrial
asects at night, Groups of fish were confined in segments of a rocky
wbstrate mountain stream, and marked ants were introduced to the current
“rom observation towers equipped with feeding tubes, After the last
ntroductions of an experiment, the fish were removed and their stomachs
we v ovamined for marked ants.

Although fish of both species fed at night, they appeared to take
v smailer percentage of the ants provided than did day-feeding groups
studied for comparison, Fish feeding under bright moonlight and star-
tight captured introduced ants at about the same rates., The results
suggest that trout in the type of stream studied feed or are in feeding
ceadiness at nearly all hours of the day or night, at least in the
summer months,!

Lnkins, ¥y M., Jr., . Re Feldmeth, and G, V, Elliott,
'S7i, Feeding of rainbow trout (Salmo gairdneri) in relation to
abundance of drifting invertebrates in a mountain stream,
. Fish, Res., Bd. Canada 27: 2356-2361.

"Hatchery-reared rainbow trout, deprived of food for 48 or 96 hr
an'’ relegsed in a mountain stream for 5- or 10-hr periods, consumed
iorial invertebrates in numbers loosely associated with their seasonal
¢ hourly abundance in the drift, The same was generally true for
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obenthic insects, except that on several days feeding was much poorer
relative to drift from 3:00 a.m. to 8:00 a.m. than at other times of

t!éif,} -

In September and October tests, aerial forms were abundant during
dayiignt, and benthic forms abundant at night, enabling trout to feed
24 hr a day. Day and night feeding in September were roughly equal in
importance, but in October more food was taken during the day., Aerial
invertebrates were so rare in December that benthic insects were the
wost important prey day and night, However, even benthics were not
numerous enough to provide good feeding."

Kalleberg, Harry
1958, Observations in a stream tank of territoriality and competition
in juvenile salmon and trout (Salmo salar L. and 8. trutta L).
Rept, Instit. Freshw, Res, Drottningholm, No, 39:55-98,

An excellent source of information on territoriality, description of
tine station, boundaries and size of the station, fixation and permanence
nf the territory., Kalleberg also describes the activities within the
territory such as feeding, size of feeding area, durinal rhythms, agonistic
displays, sham and real fighting, The development of aggressiveness and
territoriality in the individual and the relationships of territoriality and
schooling are discussed, Kalleberg also deals with interspecific and
intragpecific competition,

Keast, Allen and Webb, Deirdre
1966, Mouth and body form relative to feeding ecology in the fish
fauna of a small lake, Lake Opinicon, Ontario. J. Fish. Res.
Bd. Canada, 23(12):1845-1874,

“in 14 cohabiting fish species in a small freshwater lake, mouth
and body structures combine with food specializations and habitat
proferences to greatly restrict interspecific competition within the
fauna,

The species differ quantitatively in a large number of structures
and, individually and in combination, these are clearly adapted for
distinctive roles. The mouth is particularly plastic, varying in
nosition, in aperture width, and in overall form, with structures as
Jdiversc as a scoop, a beak, and a tube being found. Six basic body
types occur and these, combined with varying in morphologies, result
in a range of distinctive forms, including the following. Micropterus
salmoides, with a compressed fusiform body and a wide mouth, is a
strong-swimming, widely ranging piscivore. Notemigonus crysopterus,
with a long, slender caudal peduncle, subfalcate pectoral fins, and a
deeply forked caudal fin, has great maneuverability that permits it
to catch individual zooplankters, Lepomis macrochirus is a
"sedentary' gibbose~bodied water-hanger. Umbra limi has a stubby,
¢ylindrical body that favours life in dense vegetation, Labidesthes
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sicculus, with an almost straight dorsal line to the body, a low
Jdovesl fin, and a beak-like snout with tweezer-like teeth, is modified
oy surface feeding and leaping out of the water, Ictalurus nebulosus
iias chemotactile barbels that favour bottom feeding and paired fins
et function partly as hydrofoils, keeping the body inclined down-
veardas as the mouth sweeps the bottom.,

e structural specializations give their owners a decided
viogical advantage in certain situations. Only a few species,
wwever, are limited by them to restricted ways of life. 1In most
«s. o conslderable measure of feeding flexibility is retained,

~sumably tmportant for survival in cold temperate lakes,"

ka, b, C, and Windell, J. T,
1977, Differential movements of digestible and indigestible food
fractions in rainbow trout, Salmo gairdneri, Trans, Amer, Fish,
Soc, 101 (1):112-115,

Rates of gastric evacuation of digestible organic material, chitin,
ind organic matter ranged from 80-917 after 16 hours in the stomachs of
rainbow trout, The study shows that chitin is evacuated from the stomach
nove slowly than digestible organic matter., The delay in gastric removal
C opicces of chitin is attributed to their size, with smaller pieces
=it {reely and large pileces being retained.

Lanez, Ricnard L.
197¢. FEffects of logging on aquatic resources. Oregon State Game
~ommission. Res. Div. Rept. pp. 13-16.

;ontains information on the effects of logging on rearing coho and
ca-ran cutthroat, YThe primary changes observed after logging have
tuded (1) an increase in stream temperature, (2) a decrease in

rwotved oxygen levels in the surface waters during the summer when
foaediap debris was in the stream, (3) a decrease in the permeability of
i intragravel environment during the time that salmonid embryos were
dereloping in the gravel, (4) an increase in suspended sediments, and
decvease in the cutthroat trout population,”

Ee A
I[nterspecific competition and population control in freshwater
{ish, J, Fish, Res, Bd. Canada 13(3):327-342,

interspecific competition is defined as the demand of more than one
rpanism for rthe same resource of the environment in excess of immediate
supnly. When two species are "competing for a niche" the term competion
i .01 used to include phenomena such as predation of the two species
i oacie other, competition to avoid a parasite, etc, Making this
distinction in natural situations is unrealistic, In the limited sense

1

which interspecific competition is defined above, it is a discrete
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phenomenon, which with other phenomena such as predation, can be
measured as a factor involved in interaction between species,

Freshwater environments offer comparatively few opportunities for
specialization in fishes. 1In consequence many species have a relatively
wide tolerance of habitat type, a flexibility of feeding habits and in
general share many resources of their environment with several other
species of fish., Cannibalism and mutual predation are common complica-
tions of competitive relationships between species, The organization
of freshwater fish communities is thus characterized by breadth at each
level of the food chain rather than by a height of a pyramid of numbers.,
Flexible growth rate and high reproductive potential permit fish popula-
tions to tide over unfavorable periods of competition, In these circum-
stances it is difficult to separate the role of interspecific competition
from other phenomena as a factor of population control., As a subordinate
factor, predisposing fish to loss from other causes, interspecific com-
petition may act to influence population levels, There is need for
gquantitrative data and mathematical models for study of the types of
population interaction typical in freshwater fish associations,”

Lindroth, Arne
1955, Distribution, territorial behavior, and movements of sea trout

fry in the River Indalsalven. Rept, Instit, Freshw. Res.
Drottingholm. No. 36:101-119.

"The sea trout fry population of the river Indalsalven was studied by
electrofishing, marking experiments and stream tank observations,

The trout fry was found to occupy the shallow water (0-3 dm deep)
sorder line of the river, where the water ripples over stomes and gravel.

ffacts are presented indicating that the trout actively drives the salmon
fry away from these chosen areas,

Observations in a stream tank have shown the territorial behaviour
to be dependent on water velocity. This circumstance explains the field
experience that trout fry are very rarely seen locked up in shore pools

bv falling water level - before being imprisoned they leave their
territories,

Marking of over 1,200 fry showed that trout parr population to be

un-table, undertaking extensive horizontal movements,"

Lindstrom, Thorolf

1955, On the relation fish size-food size. Rep. Instit. Freshw, Res,
Drottningholm, No., 36:133-147,
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"Plankton in some lakes is too scarce to be the main food of char fry
siien the fry start feeding in late winter and spring. Aquarium experiments
show that char fry can consume food items of very different kinds as long
as the items are moving., The food of adult char from some lakes is studied
and the lake plankton is analyzed (Samples: 5-5.3 liters), Attention is
paid to the seasonal variation and the variation between depths between
stations in plankton abundance and plankton composition. It is not
nossible to compute a forage ratio and to analyze this material statistically,
Nevertheless the material suggests that the adult char selects a) Cladoceres
and b) large types of plankton Crustacea (Bytotrephes, adult Daphnia females,
Bosmina, Hiterocope). The mechanism and the significance of food selection
is discussed,

Certain foods indicate that char inhabits the top layers of the lakes
~tudiced when feeding on plankton,'

i ister, Do B. and Walker, C, E.
1966, The effect ot flow control on freshwater survival of chum,
voho, and chinook salmon in the Big Qualicum River, Can,
"ish, Cul, Vol, 37:3-26,

"An environmental control project has been undertaken on a British
i;olumbia coastal stream by the Department of Fisheries of Canada to
increase the production of native chum, cohco and chinook salmon popula-
iions, The works which have been constructed provide for stabilization of
winter flows, increase in the minimum summer flow, and a degree of
imperature control during summer and early fall, The freshwater survival
rate of each species during a four year period of natural flow conditions

compared with that resulting from the first two years controlled flow,
Chum salmon egg-to-fry survival ranged from 5 to 17 percent under natural
conditions and was inversely related to the peak daily discharge during
the incubation period., Survival rates in the two years of flow control
were 25,2 percent and 24,5 percent respectively, The magnitude of the
cohio {ryv emigration near the river mouth was also related to winter
discharge stability. Coho spawning populations of similar size, but
affected by differing incubation conditions, produced fry emigrations
amounting to 0.3 percent (matural flow) and 4.3 percent (controlled flow)
o1 their respective egg potentials, Little variation occurred in coho
anrlt output over a five year period. Chinook salmon survival ranged
from ns low as 0.2 percent under natural conditions to 19.8 percent in
wne vear of controlled flow, The largest production of chinook emigrants
wizn accompanied by a substantial change in quality toward smaller size
and carlier migration timing,"

~1a o Haroid W,
1970, Brown trout ecology. Oregon State Game Comm, Res. Div. Rept.
Fod, Aid. F-82-R., pp. 6-8.



Information is given on length frequency, age, and population densities
of rearing brown trout in the Deschutes River system,

Lowry, Gerald R.
1965, Movement of cutthroat trout, Salmo clarki clarki (Richardson)
in three Oregon streams. Trans., Amer, Fish, Soc. 94:334-338,

"Upstream migrations of trout occurred from late October until March,
with a maximum in December. Kelts returned downstream from December to
April with the greatest numbers in January and February. More than 90%
o2f the downstream movement of immatures occurred February, March, April,
and May, with numbers being consistently greatest in April, Two-~year-old
immature fish dominated the run in the two larger streams, while l-year-
o1d immatures did so in the smallest stream.

Small tributaries of the study areas were found to be very important
to cutthroat trout reproduction. Yound trout were noted to leave the tri-
butaries at about 1 year of age. Trout 150 mm in length that had never
Tefc the study streams were found in a gravid condition near redd site,"

Lowry, G. Rs
1966. Production and food of cutthroat trout in three Oregon coastal
streams. J., Wildl, Manag.. 30(4):754-767.

"The mean annual biomass of coastal cutthroat trout for all streams was
4.2 grams per square meter (g/m2), Growth in length was greatest in April
and May and least in October and November., Production per year averaged
Lol g/mz for the three streams, but production levels were about 20 percent
higher in onc of the three. Food samples from trout stomachs taken during
the period of cmergence and early growth of coho salmon (Oncorhynchus
kisutch) fry suggested that cutthroat trout were not important consumers
of voung coho. Aquatic arthropods were consistently an important part of
the diet:; earthworms decreased in importance and terrestrial arthropods
increased in importance during the period February-June,"

iLowry, Gerald R,
1971, Effect of habitat alteration on brown trout in McKenzie Creek,
Wisconsin., Dept, Natural Resources, Res. Rept., 70., Fed. Aid
Wildl. Res., Project F-83-R.

A study of McKenzie Creek, Polk County was conducted for 8 years to
determine if the brown trout population benefitted from such deliberate
habitat changes as installation of current deflectors and cover devices,
bank revetment, brush felling and removal of beaver dams., Increases in
number of brown trout were observed following habitat alteration., The
changes in catchable sized fish were relatively small and could not be
definately ascribed to the deliberate habitat alteration, The observed
vhanges in number of trout may have been affected by uncontrolled and
ciomeasured variables in the natural stream environment. Alterations that
mainly increase cover on relatively undamaged streams will probably not
vesult in dramatic increases in the number of catchable sized trout,
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Mason, J. €. and Chapman, D, W.
1965, Significance of early emergence, environmental rearing capacity,
and behavioral ecology of juvenile coho salmon in stream channels,
I. Fish., Res, Bd. Canada 22(1):173-190,

"Coho behavior was examined in two glass-walled stream channels con-
taining riffle-pool series. The apparatus permitted volitional residence,
Experimental groups of coho in each channel were permitted to emerge from
& simulated redd environment and subsequently studied for 5 months,

Aggressive behavior in these coho fry was initiated within 1 week of
crergence from the gravel, Within 10 days of emergence, coho occupied and
defended feeding territories well=-distributed in riffles, Initial aggression
wis nipping and chasing but within 2 weeks of emergence, aggression also

woived threat,

Pools appear to constitute principal security features of coho environ-
moent, A behavioral pattern termed "fright huddle" was observed and described.
fadividual fish developed habitual living patterns in the channels, and
waaller fish tended to occupy downstream areas.

Earlicst~emerging coho enjoyed ecological advantages over later-emerg-
irg fish, The former were larger at a given time and had a greater tendency
1 remain in stream channels, suggesting that they have "settler's rights"
£ available environment and/or better feeding opportunity, The results are
discussed with reference to environmental rearing capacity and volitional
rrsidence

M:Cormack, Jean C,

1962, The food of young trout (Salmo trutta) in two different becks,
J. Anim, Ecol. 31:305-316.

1y

L The food of O-group trout (fry) and l-group trout (yearlings)
twor beciks in northern England (one on slate and the other on limestone)

wias nvertigated by examining 909 stomachs collected in the years 1957 to
T

Z. ¥ry from both becks ate ephemeropteran nymphs, chironomid larvae,
cdammarus and dipreran larvae, but the relative importance of each of these
animals dififered considerably between the becks.

IS}
<
o

« In Black Brows Beck terrestrial animals made up a large part of the
of vearlings; in King's Well Beck the yearlings ate the same aquatic
15 as fry but in different proportions,

1o

P Lis

4. VYery young fry were found to eat the same kinds of food as the older
tr. the organisms eaten were not always the smallest ones available.

2. Young trout eat the same food organisms as eels and bullheads,
crout over 10 om long eat trout eggs and alevins.,

frout feed even when the water temperature is below 6° C,%

78


http:j-emaini.ll

McCrimmon, H, R.
1954, Stream studies on planted Atlantic salmon, J., Fish, Res, Bd.
Canada, 11(4):362-403,

"plantings of Atlantic salmon fry were made in the Duffin Creek system in
order to determine the survival and distribution of salmon under a variety of
stream conditions. Population studies estimated that the three general June
plantings resulted in an average survival of 12,7 per cent until the autumn
of the first vyear, 9,2 per cent until the autumn of the second year. High
summer temperatures were lethal to the salmon in certain parts of the creek
system. Over the balance of the planted part, the greatest mortality occurred
soon after plantings when heavy predation by other species of fish occurred.
The extent of predation was determined largely by the amount of shelter
available to the fry,., Suitable shelter for the young salmon was limited
generally to gravelly riffle areas where the degree of bottom sedimentation
determined the amount of shelter offered, Other stream conditions were of
minor or no importance in salmon survival. Further losses of salmon were
low once the young salmon had become established in the creek system,"

McGie, Alan M.
1970, Research and management studies on Oregon coastal salmon., U.S.
Dept. Inter.,, Bureau Comm, Fish., Anadromous Fish. Act. Project
39-2, Annual Rept. 107 pp.

"Rearing coho are concentrated in the middle of lakes during the summer
and move into the arms of lakes during winter., 1In late summer rearing coho
in lakes are found near the bottom during the afternoon and disperse toward
the surface and are randomly mixed in the water column in the evening hours.
The population shifts back to the bottom during the day,

Coho in lakes grew faster initially but tapered off toward winter,
Coho in streams had a more constant growth rate but it fluctuated more,

Coho fed on Zooplankton and chironomid larvae and pupae., Terrestial
insects did not seem to be of any great importance (2%)., Fall chinook
salmon: discusses emigration time, growth rates, length, size of emigration,
diel pattern of movements, competition with coho., Chinook grew slower than
coho when they were together, Rate of growth of chinook appeared to be
impaired by the presence of coho, Also data on growth rates of estuarine
raised coho and food composition,"

Miller, William H,
1968. Downstream emigration of chinook salmon fry. TIdaho Fish and
Game Dept., Salmon and Steelhead Investigation, Project F-49-R-6,
Job Completion Rept. 16 pp.

"Tests were conducted to determine the influence of the following factors
on downstream movement of chinook salmon fry: (1) density, (2) bottom type,
(3) visual and physical isolation, (4) food, and (5) temperatures, Downstream
movement of chinook fry appeared to be related more to temperature than any of
the other factors tested,"
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Mindie, J. H,
1969, FEcological implications of the diet of juvenile coho in streams.
Svmposium on salmon and trout in streams, H. R. MacMillan Lectures
in Fisheries, Univ. British Columbia. pp. 135-152,

"The requirements of the salmonid egg result in fry emerging into
turbulent unproductive water. There is, therefore, a precarious balance
between energy spent by fry obtaining food and the reward gained, Coho fry
save energy by living close to the margin of streams. This results in loss
of mid-stream foods. The holding capacity of streams may be raised by the
artificial provision of marginal back eddies. The earliest meals of fry
reflect the habitat on emergence and the size of the fish: later foods can
be very diverse. Their analysis can be facilitated by collecting drift and
emerging insects simultaneously. The correspondence between drift and diet
ir a 24-hr period need not be close., Where food is scarce exuviae are eaten,
where plentiful, they are rejected. The food sources of the insects which
mcke up the diet are the primary production of lakes, detritus of terrestrial
origin, ov its microflora, and terrestrial production., An ideal food channel
weuld receive contributions from each of these, and have shallow fast-flowing
weter, narrow width, numerous areas of marginal slack water and no extremes
ot flow, Increased production of coho is most likely to come from measures
ot flow regulation ranging from simple stream management to elaborate
engineering projects,!

Mundie, J. H.
1971, The diel drift of chironomidae in an artificial stream and its
relation to the diet of coho salmon fry, Oncorhynchus kisutch
(Walbaum), Can, Ent, 103:289-297,

"The diel pattern of drifting adults, pupae, pupal exuviae, and larvae

Chirvonomidae in a stream was established, Emergence was trimodal for the
cemmon species (Cricotopus spe. and Psectrocladius sp.), and larval drift-
retes increased almost two-fold in darkness. The concurrent diel consump-
tion of Chironomidae by coho fry was examined. The fish appeared not to make
uee of the peak drift-rates of larvae, Closest temporal correspondence
between drift and diet was shown by adults, Forage ratios demonstrated
greater consumption of chironomids than would be expected from their pro-
rertions in the drift. The order of acceptance was pupae, adults, larvae,

art exuviae, High degree of utilization of an item is attributed to flota-
tiom and visibility. The major determinants of how much food is taken from
tle stream are identified as: marginal residence of the fish, the occupation

v the fish of slow-water feeding stations, and the visibility of food items.,"

Narver. David We
1972, A survey of some possible effects of logging on two eastern
vancouver Island streams. Fish. Res. Bd., Canada, Tech. Rept. No.
323. 55 pp.

80



l,ate summer standing stock estimates of the trout population in Jump
Creek was considerably greater in the timbered (2226 fish/acre and 38.8
ihs/acre) cthan the logged section(1420 fish/acre and 3,9 1lbs/acre)., The
standing stock of juvenile coho salmon and steelhead in Wolf Creek ranged
from 6722 fish/acre (27.9 lbs/acre) to 10,206 fish/acre (49,8 lbs/acre)
with the highest density (mainly steelhead) in the logged sections. Stock
estimates for these two streams are similar or higher in comparison to other
stream salmonid populations reported in the literature.

Other possible effects of logging revealed in this survey was fish size,
stream temperature and stream channel width, A larger average size of each
age group of trout in the logged section of Jump Creek compared to the
timbered section may have been related to higher stream temperatures in
June and July leading to faster development of pre-emergent fry and earlier
emergence, Stream temperature in the logged sections were higher than in
upstream timbered sections, In Jump (reek maximum temperature was 21,1° C
{70,0°F) in the logged section and 15,1° C (59.2° F) in the timbered section;
temperatures over 20° C (68° F) lasted only a few hours each day., The channel
of both streams in the logged sections appeared badly eroded with cutbanks
and wide gravel bars, but only in Wolf Creek was the channel significantly
wider in the logged than the timbered sections,"

Nilsson, Nils-Arvid,
1957, On the feeding habits of trout in a stream of northern
Sweden, Rept.Instit. Freshw, Res, Drottningholm, 38:154-166.

“The stomach contents of about 300 trout, adults and fry, from the
Rivar Rensjoan district in northern Jamtland were examined,

Differences were found in the food of lake-dwelling and river-
dwelling trout, the lake~dwelling trout feeding mainly on fish and
insects, the river-dwelling mainly on organic drift,

Differences were found in the consumption of the food in the upper
and in the lower course of the stream, the part played by the organic
drift being more important in the upper course,

The fry were found to consume mainly food objects of smaller size
than the adults, mostly planctonic crustaceans carried out by the current
in the outflow of the lake,

The behaviour mechanism regulating the feeding of the fry is supposed
to be of @ simpler, more basic type than that of the adult fish,

Burbet were found to share their main bottom food, larvae of Trichop-

tera, with the trout, They did not, however, consume drift food to any
important extend,"
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Otto, R, G., and J, E, McInerney.
1970, Development of salinity prefevence in pre-smolt coho salmon,
Oncorhynchus kisutch., J. Fish, Res, Bd, Canada 27:793-800,

"When tested in a horizontal salinity gradient, freshwater-adapted
‘oho salmon exhibited a bimodal prefercnce response throughout most of
the pre-smolt period., Preference modes were located at freshwater and at
4 salinitv intermediate between fresh and sea water, The concentration
ihe higher preferred salinity changed both with time and instantaneously
with the dimensions of the test gradient, Fish tested in a gradient that
originated at 4%. exhibited a single preferred salinity at 7%.in June,
which increased gradually to 13%. by February. The same fish tested in
cradient originating at freshwater showed a corresponding preference for
an intermediate salinity in addition to their preference for freshwater,
towever, this second preferendum was at a somewhat lower salinity than
that observed in tests in which freshwater was excluded from the gradient,

With the approach of the smolt transformation, preference for fresh-
water was greatly reduced and the response distribution became unimodal,
it no rime during the period prior to the smolt transformation did the
nreforyved salinity exceed 14%, .

Otro, H. O,

1971, FEffects of salinity on the survival and growth of pre-smolt
coho salmon (Oncorhynchus kisutch)., J. Fish. Res, Bd. Canada
28:343-349,

"Salinity tolerance of juvenile coho salmon (Oncorhynchus kisutch)
increased markedly during the period from approximately 1% months after
mergence from the gravel to the onset of the smolt transformation, except
tor a decline in the fall. In January, salinity tolerance ceased to limit
isnersal to the sea, The limiting effects of high salinities on survival
vere liss for larger fish than for smaller individuals and were substan-
tially reduced by a period of exposure to dilute salinities, Growth rate,
ioc !l intake, and gross food conversion efficiency had the highest values

salinities of 5-10 ppt throughout the pre-smolt period., The results are
ciscusscd in relation to the feasibility of using saltwater impoundments
i+ management tool in increasing coho production,"

talmisano, John F,
1971. Freshwater food habits of Salvelinus malma (Walbaum) on
Amchitka Island, Alaska. M.S. Thesis, Utah State Univ, 86 pp.

“"Stomach contents of 3,672 Dolly Varden char collected from September
1967 to November 1968 were examined to determine the food habits of this
specics.  Of these, 3,100 (86%) had food in their stomachs. Aquatic
inverteibrates (Insecta and Crustacea) comprised over 90% of the diet,
Food habits varied with habitat. Aquatic insects were most important in
the dier of stream fish while aquatic insects and crustaceans were most



important in the diet of lake fish., Food habits of lake fish were related
to lake bottom type and access to the sea., Fish in landlocked lakes fed
nrimarily on aquatic insects, fish, and fish eggs. In lakes with access
to the sea, crustaceans, followed by aquatic insects, were the major food
items in those with firm bottoms adjacent to shore while aquatic insects,
followed by crustaceans, were the major food items in those with muck
hottoms adjacent to shore, As fish size increased, feeding activity
decreased and aquatic insects became less important in the diet while
crustaceans and fish became more important, During summer, feeding
activity was highest for lake fish while it was highest during autumn and
summetr for stream fish, Aquatic insects were the dominant food item in
summer while crustaceans and fish were dominant in spring and autumn,
Mature and immature fish of similar size ate similar organisms., Mature
fish, however, fed more sporadically prior to spawning. Feeding activity
was highest during daylight hours, Dolly Varden selected larger food
items, such as insects and amphipods and ignored small items such as
nematodes and oligochaetes,"

Palmisano, John F. and Helm, William T.
1971. Freshwater food habits of Salvelinus malma on Amchitka Island,
Alaska, BioScience 21(12):637-641,

"O0L 889 fish sampled in streams, 807 had been feeding. Aquatic insects
were pregent in 90% of the fish, Other food items were crustaceans (12%);
fish and fish eggs (4%); and mollusks (2%). By volume, aquatic insects
were dominant in 59% of the stomachs, crustaceans 107, and fish and fish
eggs in 2%, Aquatic insects were the basic food of fish from streams and
certain types of lakes,

There was a significant difference in the percent feeding between
the sirze classes of the fish., The smallest size class had the highest
proportion of feeders., This proportion became progressively lower in
cach larger size class. Small fish more frequently consumed aquatic insect
larvae than pupae and adults, crustaceans, fish or fish eggs. 1In the first
four size classes, aquatic insects were dominant by volume more often
than other food items, As fish size increased, however, crustaceans,
fish, and fish eggs increased proportionally in the diet. This change in
diet may have reflected the size of the food item that fish were able to
ingest rather than the type of food item preferred,

0f the aquatic insects, dipterons were the most common insects, The
midge (Chironomidae) in its three life forms was by far the most common
dipteron in the diet,"

Peters G, Ross, .

¢ (1T886. The ?elationship of invertebrate drift to the standing crop
of benthic organisms in a small stream. M.,S. Thesis, Univ,
British Columbia. 39 pp.
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"1, Coho and steelhead derived a significant proportion of their
diet from groups of invertebrate that frequently occur in the drift.

2, Tt was inferred that predation caused a drop in drift standing
crop of insects in areas of high fish density.

3, Coho fed more on drift than did steelhead.

4, The data suggest that steelhead fed more on the benthic while
oho fed more on the surface.

%, Higher fish standing crops in areas where greater drift occurred,"

Rankel., Gary L,
1971. An appraisal of the cutthroat trout fishery of the St. Joe
River, M. S8, thesis, Univ. Idaho, Cooperative Fisheries Unit,

"In recent years the size and number of cutthroat trout (Salmo clarki)

Farvested from the St. Joe River have declined, To discover the extent
¢f the problem and its probable causes, I examined the life history,
abundance, population structure and harvest of cutthroat trout. By
comparing catch-effort, observed abundance (snorkeling counts), length
ind age compositions of harvest, and survival rates of cutthroat from
cavily and lightly-fished river sectors, and considering recent increases
n fishing pressure, the extraordinary vulnerability of cutthroat, popula-
iion dynamics of the species and reports relating over-fishing and declin-
ng cutthroat stocks, I concluded that over-fishing caused the recent
deterioration of the fishery.,"

£~

Keed, Richard D, and R, H, Armstrong.
1971, Effects of logging on Dolly Varden. Alaska Department of
Fish and Game, TFederal Aid in Fish Restoration, Annual Report
of Progress, 1970-1971, Project F-9-3, 12(R-IV):105 pp,

"This report presents the results of a single season effort to determine
ti. status of Dolly Varden, Salvelinus malma, populations along the Juneau
voad system by means of stream surveys, the number of Dolly Varden winter-

e in Auke Lake, and creel census,

A total of 57 streams and lakes is included in the analysis, Most of
these svstems were surveyed for species present, amount of rearing and
cpawning arca available, and fishing potential., In addition as much infor-
mai lon as possible from other sources is included in this analysis,

A total of 6,215 out-migrant sea-run Dolly Varden were counted at the

auke Creek Weir, Approximately 3,000 of these fish were between 10 and 20
wohes in fork length, Of the Dolly Varden censused along the Juneau road
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svstem, 5.5% had spent the winter in Auke Lake, The census at Montana
Creek revealed 12,7% of the catch were from Auke Lake,

Of 581 fish censused, Dolly Varden made up 88% of the total catch,

The Dolly Varden catch per angler hour was 0,54,

Recommendations for research and management of Dolly Varden in the

Junean area are presented,”

Ruggles, C, P.

[

o

1966. Depth and velocity as a factor in stream rearing and production
of juvenile coho salmon. Can, Fish Cul,, 38:37-53,

Shortly after emergence in the spring large numbers of coho fry
moved both upstream and downstream from their place of emergence,

Fry that had moved upstream after emergence tended to remain in the
artificial rearing channels to a greater extent than fry that had
moved downstream,

The amount of downstream migration was controlled, at least in part,
by the availability of low velocity water, Over twice as many fry
remained in a pool-like situation as in a riffle-like situation,

An intermediate number of fry remained when the depth-velocity
situation was somewhere between pool and riffle,

The addition of shade reduced the initial holding capacity of one
of the experimental rearing channels,

The addition of cover reduced the over-winter carrying capacity of
one of the experimental rearing channels,

Coho fry in a riffle-like environment showed strong agonistic
behaviour and territoriality.

Coho fry in a pool-like environment showed less agonistic behaviour
and territoriality,

More age 1 coho smolts were produced in the pool-like environment.
More fish food was produced in the riffle-like enviromment,

The most coho smolt production occurred in a channel composed of
one-half riffle and one-half pool. This was especially evident in
terms of biomass of migrating smolts.”
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Saunders, Richard L, and Gee, John H,

1964, Movements of young Atlantic salmon in a small stream. J.
Fish. Res, Bd. Canada, 21(l):27-36.

“"The locations of tagged parr and fin-clipped fry were observed
from summer through early winter in a 1000-ft (328-m) study area of a
¢mall coastal stream. Tagged parr were usually found in or near places
of original capture which are herein designated as homes. Parr whose
liomes were in pools, which appeared to be as suitable habitats as riffles,
and those in adjacent riffles appeared to stay in their respective habitats.
Some returned to their homes after having been moved as much as 700 ft
7213 m) upriver or downriver, Fry were most numerous in shallow riffles
and appeared to remain within small areas of the stream during summer but
roved into parr habitats, the pools and deep riffles in autumn,"

Scars, Howard S. and Meehan, William R,
1969, Short term effects of 2,4-D on aquatic organisms in the
Nakwasina River watershed, Southeastern Alaska. U.S. Fish and
Wildlife Service., Bur, Comm. Fish Biol, Lab. Auke Bay, Alaska
24 p (Taken from Sinha 1971),.

"The Forest Service sprayed 2,4-D on logged off land on Baranof
stand to control Red alder at a rate of 2 lbs/acre. There was no
wignificant immediate mortality to fish (Coho salmon and Dolly Varden)
and aquatic insects even in streams that were sprayed directly, Water
samples and fish tissue samples analyzed for 2,4~D content showed conc,
evels below those considered lethal,"

stiapovalov, Leo and Taft, Alan C.

1954, The life histories of the steelhead rainbow trout (Salmo gairdneri
gairdneri) and silver salmon (Onchorhynchus kisutch) with special
reference to Waddell Creek, Calif., and recommendations regarding
their management, Calif, Fish, Game, Fish, Bull, No, 98, 375 pp.

resents information on most of the aspects of the freshwater rearing
seviod of young coho salmon and steelhead trout.

"1, TLake and river pollution - an annotated bibliography. Ocean
Enginecring Information Series Vol. 4.

This bibliography contains 60! INFORMATIVE ABSTRACTS of literature
sroviding substantial scientific and technical information obtained from
seal and regional studies in laboratory and field investigations of lake
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and river pollution, These deal with the parameters of pollution and
pollutants; the agricultural, atmospheric, domestic, and industrial

sources of pollution and with effects of engineering activities; hydrological,
weological and meterological processes involved in

understanding the pathis of pollutants; the effects of pollution on fishes,
invertebrates including insects, macrophytes, plankton, zooplankton,
bacteria, fungi, viruses and yeasts, birds, and on human health, Trends

11 water quality management are also considered, A bibliography of biblio-
sraphies, a detailed subject outline, a keyterm index and an index citing
all authors and coauthors are included., Represented are world wide sources
found in 144 journals, some 25 national and international conferences and
more than 80 additional sources consisting of governmental research reports,
institutional and industrial contract reports, Intended as a guide in
interdisciplinary studies of lake and river pollution. Coverage 1968-

1970 dinclusive.

Skeesick, Delbert G,
1970, The fall immigration of juvenile coho salmon into a small
tributary., Res. Rept. Fish Comm, Oregon. 2(1):90-95,

"The Fish Commission operated an upstream-downstream trap on Spring

{reek, Wilson River from 1948 through 1958, Each fall an upstream migration
i relatively large juvenile coho occurred, An average of 62,6% of the
fall upstream migrants survived and returned downstream in the spring as
smolts. The fall upstream migrants which survived to the smolt stage
averaged 14 mm longer at emigration than smolts which had spent their
entire lives in Spring Creek., The recapture rate of mature fish that had
heen fall upstream migrant juveniles was 0.,3% while the recapture rate

from fish native to the stream was 0,87%. T theorized that (1) the
juveniles had spent the summer rearing in the Wilson River where they

had grown rapidly; (2) the juveniles entered Spring Creek in the fall to
escape the bigh, turbulent water conditions of the main river; and (3)
adults, that had been immigrants, received a permanent imprint of their
natal stream and had returned there rather than to Spring Creek,
Obgervations from two other river systems are reported to substantiate the
bohavior pattern and suggest that other species may have similar habits,
thanges in habitat management and research concepts that will be necessary,
if this behavior pattern is widespread, are discussed,"

Swoker, William A,

1953, Strecam flow and silver salmon production in western Washington,
Wash. Dept, Fish. Res. Papers. 1(1):5-12,

"The significant grouping of silver salmon catch data about the
vegression line established by different annual runoffs shows that for
che period 1935 through 1950 the success of the commercial silver salmon

fishoyy in western Washington has been related to the extent of the runoff
‘1 its streams,"
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Stauffer, T. M.
1972, Age, growth, and downstream movement of juvenile rainbow trout
in a Lake Michigan tributary. Trans. Amer. Fish, Soc. 101(1):
18"280

"TJuvenile rainbow trout were examined during 1951-59 while in stream
nursery areas and when migrating downstream., Their body-scale relationship
was: total length (mm) = 40.6 + 2,10 scale radius (mm X107) and relation~-
ship between length (mm) and weight (g) was W = 0.00001384L3°0126. Age
composition of trout during autumn in the nursery areas averaged 68% age
1,297 age T and 3% age II; trout in the downstream migration averaged 647
age I, 347 age II and 2% age 1IT. Most downstream migration occurred
between 21 May and 30 June, at night, on subsiding water levels and at
water temperatures of 9-17 C, There was an association between numbers of
juveniles and in the nursery areas and numbers of subsequent downstream
migrants,

Yrout grew about 76 mm per year; growth was similar to that in other
wveat Lakes tributaries and to growth in Pacific Ocean tributaries. Most
Iownstiream migrants in Great Lakes tributaries were age 11 or less, while
in Pacific Ocean tributaries, most were age 11 and III., Time of migration
Wwas about the same in Great Lakes tributaries as in Pacific Ocean tribu-
rarices, "

Sutterlin, A, M., and N. Sutterlin.
1970, Taste responses in Atlantic salmon (Salmo salar) parr. J.
Fish, Res, Bd, Canada 27:1927-1942.

"External receptors located in the snout region of Atlantic salmon
parr are innervated by the facial nerve and are differentially sensitive
to several chloride salts (NaCl = KC1>MgCly >CaCl,y). They are also
sensitive to mineral and organic acids but insensitive to uncharged
notecules such as neutral amino acids and simple sugars,

The palatine organ containing taste buds situated on the roof of
“he mouth is sensitive to strongly ionized as well as uncharged molecules,

The two classes of receptors differ in temporal patterns of dis-
harge and in their susceptibility to the blocking agents Hg++ and Pbtt
and the potentiating agent cutt,

Salmon parr can detect Hg'" in concentrations lower than other
divalent cations as judged electrophysiologically; food pellets treated
with dilute solutions of Hg'" are rejected by the fish,

»s chain length increases in the aliphati acid series the compounds

become increasingly stimulatory as measured by nerve discharges in the
ralatine nerve,
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Inert carriers treated with aliphatic acids of increasing chain
{ength become increasingly preferred by salmon, and carriers treated
with valeric and caproic acid are ingested,

Anosmic fish are capable of discriminating chemically treated carriers
in a way similar to fish in which the olfactory organ is intact,

The cellular nature of external receptors of the snout is uncertain;
the possibility that they are neuromasts is discussed,"

Ware, D, M.
1971. Predation by rainbow trout (Salmo gairdneri): the effect of
experience. J. Fish, Res. Bd., Canada 28:1847-1852,

Rainbow trout (Salmo gairdneri) provided with unfamiliar palatable
iood changed several components of their feeding behaviour and demonstrated
that they can develop searching images for specific prey., Naive fish
required an average of 4 days of experience, each of which consisted of
exposure to six food particles, before they approached novel prey. After
this time the distance from which trout attacked food improved and had
doubled by the 12th day of exposure., When conditioned animals were deprived
of experience for 90 days, the distance of reaction fell back to the
initial naive level, The relation of these results to current work on
searching image formation is duscussed,

Wagner, H, H.,, Conte, F., P,, Fessler, J. L.
1969, Development of osmotic and ionic regulation in two races of
chinook salmon (Onchorhynchus tshawystcha). Comp, Biochem.
Physiol., 29:325-341,

"1, The development of the hypo-osmotic regulatory system was followed
in juvenile fall and spring chinook salmon while in the freshwater environ-
ment, The experimental animals were exposed to sea water of various
salinities by immediate or gradual transition. Measurements of survival
and changes in the osmotic and ionic properties of the blood were made
following exposure to sea water,

2, The ontogeny of hypo-osmoregulation appears to be similar for
individuals in both races,

5. The rate of development of hypo-osmoregulation is influenced by
prior acclimation to waters of lower salinity and by the growth of the
experimental animals."

Warren, Charles E., Wales, Joseph H., Davis, Gerald E., Doudoroff, Peter,
1964, Trout production in an experimental stream enriched with

sucrose, J, Wildl, Mgmt, 28(4):617-660,.
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"From 1960 through 1963, three experiments were performed on the
production, food habits, and food consumption of coastal cutthroat trout
{Salmo clarki clarki) in sucrose-enriched and in unenriched sections of
Berry Creek, a small woodland stream in the Willamette River Basin of
Oregon., These experiments were part of a general investigation of the
trophic pathways through which energy from light, organic debris, and
dissolved organic matter enters into the production of fish and other
crganisms, The flow in a 1,500 foot portion of Berry Creek was controlled
tv means of a diversion dam and a bypass canal, Four sections of this
rovtion of the stream, each consisting of a riffle and a pool, were
separated by fine screens which prevented the drifting of fish-food
crganisms {rom one section to the next, The water in two sections was
continuously enriched by introducing a few milligrams of sucrose per
liter, and most of the deciduous forest canopy was removed from one of
the enriched and one of the unenriched sections, Only the enrichment
with sucrose led to large and consistent increases in food consumption
and production of trout: food consumption was increased about twofold
and trout production usually much more than sevenfold, Trout production

nereased so much more than food consumption because only a relatively
small portion of the comparatively large amount of food consumed in the
tnriched sections was required for maintenance of the trout stocks,

The maintenance food requirements of the trout in the four sections
usually were not materially different, but most of the food produced
and available in the unenriched sections was required for maintenance,
uith Little left for promoting growth, Food consumption values are
helieved to be more reliable measures of the relative productivity of
the different sections for trout than are preoduction values, Results
of studies of food habits of the trout and available data on biomasses
of dnsects in the riffles indicate that increased food consumption and
production of trout in the enriched sections were made possible by
preater abundance of aquatic food organisms, especially of tendipedid
ohironomid) larvae, the consumption of terrestrial food being roughly
equal in all sections, Introduction of sucrose resulted in growth of
~he bacterium Sphaerotilus natans, a slime organism frequently associated
with organic pollution, This bacterial growth provided food and habitat
‘or tendipedid larvae, the most important food organisms of trout in
‘tie enriched sections. Concepts of trophic relations in aquatic
coosystoms and the application of these concepts to problems of water
~esource management are discussed in the light of the findings,"

wWaters, Thomas V.,
1969, Invertibrate drift-ecology and significance to stream fishes,
Symposium on salmon and trout in streams., H. R, MacMillan
Lectures in Fisheries, Univ, British Columbia, pp. 121-134,

"Many species of invertebrates, though not all, exhibit high rates
f downstream drift in a diel periodicity., Most are night-active, for
wshom light intensity is the phase~setting mechanism; but some species
are day-active, for whom water temperature may be the phase-setter,
e patterns consist of one or more peaks, occurring at various times
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oL the Z4 hour period depending on species. Magnitude of the drift
appears to be a function of water temperature, current velocity, stage
of life cycle, and population density and growth rate,

The direct significance of invertebrate drift to stream fish is
in an apparent increase in availability as food, Whereas stream

salmonids utilize drifting invertebrates as food to varying degrees,
a substantial proportion of the diet is also gained by bottom foraging,"
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